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VACUUM CONTROLLED 


rakes made in England by 
NESTINGHOUSE BRAKE & SIGNAL Co. LTD., 82, YO 
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STRAIGHT AIR BRAKING 
SANDING AND CONTROL FITTINGS 


One of 32 
mixed traffic Diesel Electric Loco- 
motives for Tasmania built by The 
English Electric Co. Ltd. and Vulcan 
Foundry Ltd. 


The straight air brake is used for con- 
trolling the locomotive when running 
light, shunting, or hauling unbraked 
freight trains. 


When vacuum braked trains are being 
hauled, or when two or more locomo- 
tives are working in multiple unit (e.g., 
shunting or hauling unbraked stock), 
the air brake on the locomotive is 
applied proportionately by means of a 
vacuum air proportional application 
valve. In these circumstances, however, 
the locomotive braking may be supple- 
mented by operation of the straight air 
driver’s brake valve. This variation in 
the locomotive braking is independent 
of the train brakes. 


RK WAY, LONDON N.1. 
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The 


Under the conditions which prevail throughout 


the world, the problem of economic 


Economics of 


maintenance assumes primary importance. 


Formica is a hard-surfaced, durable laminated 


Railway Coach 


plastic material, which can be cleaned by 


wiping with soap and water. The interesting 


Decoration 


comparisons given below are based on normal 


renovation practice. 


PAINT POLISHED TIMBER 


LENGTH OF SERVICE 


LEATHER CLOTH FORMICA 


18 
MONTHS 


(LIGHT OVERHAUL) 


Any badly scratched 
are removed and re- 
polished. 


Cleaned and given one 
fresh coat. 


Panels and mouldings 
removed, re-surfaced 


3 Y E A R S and re-sprayed — a 
Complete re-paint. protracted operation 
(MAJOR OVERHAUL) entailing loss of reve- 
nue on the capital 

outlay. 


All the evidence points to the fact that up to 
a period of 15 years FORMICA maintenance easy to 
costs are exceptionally low — combined with 
good appearance throughout the whole period. 
Formica is a laminated plastic material in sheet and 
form with the hardest surface known to science 


in its field. It is obtainable in a range of 


Thorough 


install. 


samples of 
the material 


application. 


Clean with soap and 
water — a much 
quicker and easier 
operation than 
cleaning paint or 
leather cloth. 


cleaning 
with soap and water. 


Repainting required 

(on account of the 

fugitive nature of the 
colours). 


Clean with soap and 
water. No further 
treatment needed. 


beautiful colours and wood grain effects and 


Cigarette proof grades ai 


available for horizontal surfaces. 


We shall be happy to furnish full informatic 


on 


THOMAS DE LA RUE & CO LTD (Plastics Division) 


IMPERIAL HOUSE, 
Telephone No. : REGent 2901 


REGENT STREET, 


Telegrams : Delinsul, Piccy, London 


“'Formica"' is a registered trade mark and De La Rue are the sole registered users 


LONDON, W.1, 


ENGLAND 


Cables : Delinsul, London 
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The Swedish State Railways’ new F-Series 
electric locomotives reaching aq maximum 
speed of 135 km./hr. have SKF self-aligning 
roller-bearings on all driving and free axles. 
The four motors of together 3,500 h. p. are 
equipped with SKF cylindrical-roller bea- 
rings. 


@ Reliability, even at the highest speeds — 
no hot bearings. 


@ Saving of lubricant and of labour for 


lubrication. 


@ Lower maintenance expenses. 


HIGH EFFICIENCY) 


PERMANENT WAY EQUIPMEN 


AUTOMATIC 
TAMPING MACHINE 


16 tamping tools actuated sir 
ultaneously complete the ballai 
packing of each sleeper in o% 
operation. 

The machine can be side tracke 
in one minute. 
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AUTOMATIC BALLAST 
CLEANER 


The machine can be side tracked 
in a few minutes. 


SLEEPER SCREW DRIVING MACHINES - RAIL 
SAWS AND DRILLS - SLEEPER DRILLS 
CALCULATOR FOR THE ADJUSTMENT OF CURVES - RIPAMETRE, ED 


MATISA EQUIPMENT LIMITED 


LONDON, 78, Buckingham Gate, Westminster, S. W. 1 


Licensees from MATERIEL INDUSTRIEL S. A. LAUSANNE. Switzerland 
Agents and representatives in 


PARIS, CHICAGO, BUENOS AIRES, RIO DE JANEIRO, ADELAIDE, CAPETOWN, ete. 


——— 


| H ELECTRIC 


WN ¢t N 


N S NN NY XS ‘ 
WV LE G \ WV WN Sk eee aN 
N NV \ © \ sv Q CC SVC w Ws va eci *) RN 


- 


ZZ 


IN MALAYA 


MARSHALLING 


These ‘English Electric? shunters 


enough fuel for two weeks’ 


carry 


Diesel-Electric Dependability 


The Malay Railways have ordered 20 ‘English 
Electric’ diesel-electric shunting locomotives. 
These shunters have a world-wide reputation 


work without 
visiting the running sheds, and their quality 
design reduces maintenance to the absolute 


for economy of operation, high availability, minimum. 


and minimum servicing requirements. Already 
the railways of 8 other important countries 


Railways at home and abroad know these 
locomotives deliver high torque at low speed 


have these shunters in regular service — most 
of them the standard 350 h.p. 47-ton loco- 
motive illustrated above. 


—an essential feature of any shunter — and 
that ‘English Electric’ products give lasting 
satisfaction in service. 


ELECTRIC Company Limited 
KINGSWAY, 


LO) IND OW) 5 May ot oe 


Traction Department, London 
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RAILWAY MATERIALS 


Rails are made at Workington by the acid Bessemer Process, of which 
the long-wearing properties have long been appreciated by railway 
engineers in many countries. The Workington plant also manufac- 
tures fishplates, soleplates and steel sleepers. 


THE UNITED 


Our Steel Peech & Tozer works produces railway tyres, which can COMPANIES L'2 
also be supplied in heat-treated form, disc wheel centres and solid 
wheels; carriage, wagon and locomotive axles and laminated springs. 


WORKINGTON IRON & STEEL COMPANY - WORKINGTON 
STEEL PEECH & TOZER : THE ICKLES - SHEFFIELD 


Branch of The United Stee! Companies Limited of Sheffield, England 


WER nen ee on ee 
&) W.74 


Sleeping-car 
of the Compagnie Internationale 
des Wagons-Lits. 


52 m? tankwagon 
for transport of propane. 


Double motor-coach. 
Supplied to the 
Belgian National Railways 
(160 km/h). 


Wagons — Coaches — Locomotives — Bridges and structures — Heavy and medium pressings. 


Elements for pressure pipes - High pressure welded vessels — Springs — Forgings 
High pressure flanges — Galvanized sheets. 


Société Ei Ed} Ke/ ier ou GS (BELGIUM) 


Anonyme 


PREMISES Works at 
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INTRODUCTION. 


In 1926, the Locomotive Commission 
of the German Railway Union (Verein 
Deutscher Eisenbahnverwaltung) (since 
1933, the «Central European Railway 
Union ») decided to form, within its 
organisation, a Commission for the revi- 
sion of paragraphs 87 and 88 of the 
Technical Conventions (Technische Ver- 
einbarungen) in force at the time. 

The Commission comprised represen- 


tatives of the Reichsbahn Karlsruhe Di- 
rection (President), the Reichsbahn Ge- 
neral Management at Berlin, the Reichs- 
bahn Stuttgart Direction, the Austrian 
Federal General Management at Vienna 
and the Netherlands Railways, Utrecht. 


In 1930, the name of the Commission 
was modified to Sub-Committee for inves- 
tigating the running of locomotives. In 
1931, representatives of the Way and 
Works Commission of the Union were 


256 


added to the Sub-Committee, these being 
from the Berlin Reichsbahn General 
Management and the Austrian Federal 
Railways, Vienna. 

The Commission was charged, firstly 
with the study of problems of locomotive 
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with, it does not appear inappropriate to 
furnish here some details of the different 
questions studied, with the aim of proy- 
iding a starting point, if it should be 
required, for further study. We shall 
deal particularly with the part taken by 


Eigaae 


a = Maximum distance between flanges at 10 mm (3/8 in.) below the running surfaces = + 1426 mm 


(56.14 in.). 
b 
c 


lil 


faces = + 1430 mm (56.29 in.). 


running over points and curves, particul- 
arly with a view to safe and smooth 
running. 

The good behaviour of a locomotive 
and ease of running over curves and 
turnouts is of extreme importance. It 
covers the qualities which assure safety. 

The last meeting of the Commission 
was in May 1939. As we do not know 
whether the uncompleted work of this 
Commission was afterwards proceeded 


Minimum gauge of track at 10 mm below the running surfaces of the rails = + 1436 mm (56.53 in.). 
Angular measurement of flanges of 1 m (39.37 in.) dia. wheels, 10 mm outside the running sur- 


the Netherlands Railways in this work. 
Most of the trials were carried out in the 
Works of the Netherlands Railways. 


General remarks. 


For a vehicle to negociate a given 
curve, it is necessary that it can be inscribed 
geometrically in the curve. 

A two-axled vehicle can be geometri- 
cally inscribed in any curve, since a single 
pair of wheels on the track can be turned 
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around its vertical axis without the flanges 
bearing on the inner faces of the two rails. 
This is possible because of the transverse 
play of at least 10 mm (3/8”) which exists 
between the edges of the flanges and the 
inner faces of the two rails (see fig. 1). 


The running of a two-axled vehicle in 
a curve is at the same time limited by the 
angle at which the flange of the leading 
axle bears on the outer rail. The angle 
should not exceed a certain maximum 
value. 

If it is specified in the case of a two- 
axled vehicle that the rear axle should 
be capable of radial inscription and in 
contact with the inner rail, the position 
of the vehicle is shown in fig. 2, in which : 


A = leading axle; 
= trailing axle; 


transverse play; 


B 
p — 
a = wheelbase of the vehicle; 


Fig. 2. 
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o@ = bearing angle of leading axle: 
R = radius of curve (outer rail). 


From this diagram we have : 


2pR = a 
a = \/2pR 
; a 
rma ante CS 


Table I summarises the various values 
of the above for certain radii. 


We thus see, for example, that in the 
case of a 300 m (984 ft.) radius curve 
with 25 mm (1 in.) widening of the gauge 
and a vehicle with 4.59 m (14 ft.) wheel- 
base, the rear axle would be in exact 
lateral contact with the inner rail in the 
radial position and that the bearing angle 
of the leading axle is 0°53’. In the case of 
a smaller wheelbase or greater radius 
of track curvature, the rear axle would 
not touch the inner rail. 


Vehicles with more than two axles, 
particularly if their wheelbase is rather 
longer, cannot conform to any curve 
whatever. To facilitate their inscription 
in curves, there are various methods, 
such as : slackening of the gauge; reducing 
the flanges of intermediate axles ; transverse 
play of several axles; use of articulation 
for an axle or bogie. 


To determine the degree to which 
a vehicle with more than two axles can 
inscribe a curve and the bearing angle of 
the guiding axle, the graphic processes 
of Roy (!) and VoGeL (7) can be tsed.” 
The Roy procedure is an approximation 


(1) See : Revue Générale des Chemins de fer, 
1884, p. 153. 

(2) See : Organ f. d. Fortschritte des Eisenbahn- 
wesens, 1926, p. 354. 


258 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


May 195! 


TABLE I. 


Slackening 
of the gauge 


and cannot be used with sufficient accuracy 
for vehicles of limited length on curves 
of large radius, whilst the VOGEL pro- 
cedure is also for fairly long vehicles on 
sharp curves. 


In the question posed, it is necessary 
firstly to determine the forces which act 
between rail and wheel during the passage 
of a vehicle through a curve, it being 
assumed that the risk of derailment is 
the consequence. 


When we consider the movement of a 
locomotive or other vehicle through a 
curve, it is obvious that the. direction of 
movement of the wheels at the points of 
contact with the rails changes continually. 
The movement can be considered as the 
pivoting of the vehicle around a certain 
point, which moves with the vehicle in 
the direction of running. 


When passing through a curve, one or 
more flanges bear laterally against the 
rails, which gives the guiding force 
necessary to keep the vehicle on the track 


and to cause it to pivot around the point 


mentioned above. During this pivoting 
movement, the various wheels in move- 
ment slide simultaneously on the rails, 
generally in a longitudinal or transverse 
direction. The frictional forces are 
consequently opposing, and must be 
overcome by the guiding forces of the 
flanges which bear on the rails laterally. 
The problem thus comprises in the first 
place the determination of the point 
around which the vehicle appears to pivot 
during its passage through a curve. 


Forces between wheel and rail when running 
through curves. 


When a wheel takes a position with 
the flange bearing against the rail, we note 
between wheel and rail, the vertical load 
Q of the wheel at the point of contact with 
the running surface of the rail, and the 
angle of thrust Y at the point of contact A 
of the flange (see fig. 3). For the wheel 
to become derailed, it must be lifted 
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until the flange surmounts the rail. The 
first effect of lifting the wheel would be 
the disappearance of the point of contact 
with the running surface and there would 
remain only the point of contact A of the 


Fig. 3. 


flange (see fig. 4). From this time, the 
wheel would turn on the latter point. 
The vertical load of the wheel would in 
this case also operate on point A. 


The bearing wheel has, therefore, a 
movement consisting of running and 


Fig. 4. 
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sliding on the upper surface of the wheel 
and continual sliding downwards on the 
side wall of the rail with increasing 
bearing pressure at some points on the 
running surface of the rail until the sum 
of the forces operating in the direction 
of the inclined face of the flange (direc- 
tion BC) upwards, exceeds the fric- 
tional forces at the point of contact. 


Thrust of flange on rail. 


If the horizontal bearing pressure at the 
point A (3) — which we shall call flange 
thrust — is Y (see fig. 5), the force Y 
can be separated according to the inclined 
plan BC of the flange face and the perpen- 
dicular direction of it. These factors have 
values Y cos a and Y sin «. The vertical 
load Q of the wheel, facterised in the 
same way, gives factors Q sin « and Q 
COS «&. 


The resultant force acting on point A 
in the direction BC is : 


R = Q sin a — Y cos a, 


whilst in the direction CB, is the frictional 
force = 


F = /f(Ysin « + Qcos «), 


when the force R is equal to the force F. 
In this case the wheel finds a bearing on 
point A and commences to run on this 
point and to lift itself. 


In this extreme case, we get the equa- 
tion : 


Orsini = Yeos w= (Ysinia=- QOcos «) 


(3) Although point A may not be exactly in 
the vertical axis of the wheel, this fact will be 
ignored later for the purposes of the calculation. 
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TABLE II. 


or : 
(2) 


sina—fcosa 1g ol 
cos « + f sin % 1+ ftga 


Making f = tg 9, we get: 


Ms te ( ) 
— = tg (% — 9). 
Q 
If we introduce the value f = 0,20, 0.25 
and 0:35, or © == 14°, we set for the 
various inclinations of the face of the 
flange, the values given in Table II. 


Direction of movement. 


Thesvalues Ye: Onorg #02 upate 
the maximum value of 2) are traced 
in figure 6. 


If the point A is located on the straight 
position of the flange profile, between 
the root and the nose, which arises when 
the wheel begins to lift, in the case of 
unstable balance the angle has a value 
of 60°, i. e. with a coefficient of friction 
J = 0.25 and a flange thrust equal to the 
approximate value of the wheel load, 
the wheel bearing on the rail will lift and 
become derailed. 


| 
| 
| 
- 
| 

| 


Table du rail i 


= 


It may be remarked, however, that at 
the same time as the bearing wheel begins 
to climb the rail, it is necessary to consider 


Fig. 5. the friction of the other wheel of the same 
BA aananendy Ties tree axle on the other rail. If the position of 
Table di wailu=s) Ranoiipsuetace: the axle in relation to the track is oblique 


ee to the point where the friction of this wheel 


ne ee formula was established by Marif, also tends to cause the bearing wheel to 
although in another manner. See: Traité de : : ear 7 : 
stabilité du matériel des Chemins de fer, Georges mount the rail, then this friction is active 


Marié, Paris and Liége, 1924. and not passive. The load of this wheel 


{AY 195] 


n the rail at the moment in question 
eing Q and the coefficient of friction /", 
feshall have Y; — Y —Of’. 


It must be noted that Q does not 
2present the static load, but the actual 
yad at the moment of derailment. It may 
e taken into account that by one of the 
heels bearing on the rail, this wheel is 
verloaded whilst the load on the other 
yheel of the same axle is relieved. 


The force Y, of the bearing wheel 
rerefore causes this wheel to mount the 
il, whilst the friction of the other wheel 
yours the derailment. The unloading of 
is wheel has an advantageous effect, 
; the amount of friction is reduced, 
hilst, in addition, the bearing wheel is 

the same time overloaded, which 
opposes the derailment. 


An experimental trial has confirmed the 
yove thesis. 
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Model arrangement for demonstrating the 
action of static forces between wheel 
and rail. 


To determine the static forces set up 
between a wheel which runs against the 
rail at an angle of bearing we will consider 
a vehicle as in figure 7. This vehicle is 
fitted with an axle A, arranged at a certain 
angle to the centre line of the vehicle, 
on which is a wheel W with a flange. The 
axle has a small amount of play in the 
brasses in a longitudinal direction. The 
wheel W runs on a third rail with a 
load W. 


By moving the vehicle in the direction of 
the arrow, the wheel W will run on the 
third rail in the plane of this wheel until the 
flange bears on the rail. From thence the 
wheel will tend to continue running in 
the same direction, whilst this will be 
prevented by the flange, so that during 
the rotation there will at the same time be 
produced a sliding of the wheel on the 
rail in the transverse direction of the latter, 
which will give rise to a frictional effort 
Qf’ at the point of contact with the running 
surface of the rail, given that /’ is the 
coefficient of friction of a running wheel, 
which is at the same time sliding trans- 
versely. This force Qf’ is cancelled by a 
reactive force Y of equal value between 
the wheel flange and the side wall of the 
rail. The two forces Qf’ and Y are not 
identical, since they do not bear on the 
same point. The bearing point of the 
flange, where the force Y is applied, is a 
little below the friction force Q/’ on the 
upper surface of the rail and also oblique 
to and forward of the vertical plane of 
the wheel meridian in the direction of 
movement (recovery) by reason of the 
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oblique position of the axle in relation 
to the rail. 

Given that the angle of bearing is in 
practice fairly small, the minor differ- 
ences mentioned above are negligible, so 
that we can, without appreciable error, 
assume that the two forces Qf’ and Y 
are identical. There is therefore no outside 
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moved longitudinally and in consequence 
the inserted spring V more or less com- 
pressed. The flange of the wheel W will 
therefore be drawn with a certain force 
against the rail R, whilst the normal 
carrying wheels of the vehicle will be 
pushed against the left-hand rail. 
Figure 9 represents the forces which — 


Fig. 8. 


force operating on the rail and the latter 
could be detached from its supports. 


Let us now consider a vehicle arranged 
asin figure 8. Here the axle A is prolonged 
at one end, threaded and fitted with a nut 
M. By means of this nut, the axle can be 


result. We will note that the exterior forces 
operating on the vehicles are: between 
the wheel R and the rail N, the flange 
pressure Y and the friction effort Q/' and 
between the wheels W; and W> and the 


rail on which they run, the flange, thrusts 
F, and Fp. 
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The tension force K of the spring V is 
an internal force. 


So far, we have : 
K = Y — Qf’ and Y— Qf’ =F, + F». 


In this case the external force operating 
on the centre rail is not nil. 


Assuming only that forces K, Y and 
Qf’ operate perpendicularly on the track, 
the accuracy obtained is quite satisfactory. 


High speed running on non-continuous rails. 


Let us consider the case where a wheel 
thrusts at a speed V with an angle of 
bearing 6 against a rail having a change of 
level (see fig. 10). Shock arises at a speed 
V sin 8 perpendicularly to the rail and at 
a speed V cos @ along the rail. 


tk. 
of 


Oe 7 


Fig. 9. 


In a direction perpendicular to the rail, 
the kinetic energy has a value : 


1/2 m V2 sin? B, 


if m is the part of the mass of the vehicle 
taken into account for shock, which we 
shall call the «reduced mass». To 
determine this, it must be noted that the 
kinetic energy is absorbed by the defor- 
mation of the wheel and the rail, by the 
movement of the vehicle around its centre 
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of oscillation and by the resilience of the 
bearing springs. If the road traversed 
by the shock force perpendicular to 
the rail is s (5) and if this force increases 
in an approximately linear manner from 0 


V 


V sing 
Veos 
Fig. 10. 


up to a value P, the average amount of 
this force will be 1/2 P. The potential 
energy developed by the shock force is 
therefore 1/2 Ps, which provides the 
equation : 

1/2 m V2 sin2 B = 1/2 Ps 
oe 
m V2 sin2 B 


AY 


P= 


It is not possible to resolve the value of 
P, since the values of m and s are not 
known. It only remains therefore to 
resolve the value of P by taking the 
assumed values of m and s. 

Taking a = 60° (see fig. 6) and f = 0.25 
we shall have Y = P. 

For example with Q = 6000 kg, Y = 
6000 kg. Assuming finally that m = 
1200 kg sec2m—!, we deduce from the 
formula mentioned above : 

1 200 V2 sin2 6 


6 000 = 


sg 


(5) We will consider the value of s as a fictitious 
one since this takes into account all the displa- 
cements and distortions quoted above. 
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or 
sinzu6 c= go 


OL Lurther 


gin BSP 2:236 \e 


where s is expressed in metres and V in 
km/h. 


The relation between V and s is shown 
graphically in fig. 11. The higher points 
of the curves signify danger of derailment 
and the lower points safe running. 


On the Netherlands Railways, a maxi- 
mum angle of bearing of 2° is permitted, 
which has not shown any disadvantages; 
we can conclude that, if the running 
speed is 45 km (28 miles)/h, the value of 
scan be at least 40 mm (1 9/16”). Assuming 
that this is apt, a bearing angle of 50’ 
would be allowable at a speed of 120 km 
(75 miles)/h. 


eee 
angle dattaque 
Bigaale 


Explanation of French terms + 


Angle d’attaque = Angle of bearing. 
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« Free » or « tight » running over curvy 


When a vehicle runs on a curve, t 
flange of the leading outer wheel bez 
on the inner face of the outer rail of t 
track, or, briefly, the leading axle bez 
on the outer rail; the rear axle will follc 
a straight line and will tend to positi 
itself approximately on the radius of t 
curve. 


In figure 12, there is the possibili 
owing to the size of the wheelbase, 
transverse play of the set of wheels 
the track, and owing to the radius 
curvature of the track that the rear a) 
will take up a radial position. In th 
case the flange of the inner wheel of t 
rear axle does not touch the inner r. 
of the track, or in other words the re 
axle does not bear against the inner ra 
The position of the vehicle in the track 
not fixed exactly since the rear axle can 
moved a little transversely to the trac 


Figure 13 illustrates a case where the r 
axle also is in contact with the inner r 
This axle cannot run radially. The positi 
of the vehicle in the track is fixed, as 
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front axle bears against the outer rail 
and the rear axle against the inner rail. 
The vehicle is guided by two axles. This 
we shall call « tight » running; conversely 
the position explained earlier we shall 
call « free running ». 


Heumann’s theorem. 


We see from figure 12 that only the flange 
of the front axle bears on the outer rail, 
and from figure 13 that the rear axle also 
bears on the inner rail. These contacts 
set up forces which cause the vehicle to 
pivot constantly during its passage on 
the curve and at the same time to cause 
the wheels whilst rotating to slide both 
transversely and _ longitudinally. We 
Shall call the point around which the 
vehicle, at the time turns, the « pivot- 
pole of the vehicle » (6). UEBELACKER (7) 
was the first to take into account the 
importance of this pole. He calls it the 
centre of friction, because the various 
frictional efforts of the wheels on the rails 
find a common centre there. 


According to him, the pole is, in the 
case of figure 12 (free running) located a 
little behind the rear axle on the longi- 
tudinal centre line of the vehicle; in the 
case of figure 13 (tight running) the location 
of the pole is determined by the foot of a 


(6) In fact, the centre of pivoting of the vehicle 
when running through a curve — provided the 
radius does not change — is the centre of curvature 
of the track. The friction pole mentioned above 
is the common centre around which move the 
points of contact of wheels on the rails, providing 
that the load is the same on all wheels and that 
they have no driving effort, nor brake effort. In 
the latter cases, the centre of pivoting of the 
various wheels are not located in the same region 
and generally not in the axis of the vehicle. 


(7) See : Organ f. d. Fortschritte des Eisenbahn- 
wesens, 1903, BEILAGE. 
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norm, dropped from the centre of the 
curve on the longitudinal centre line of the 
vehicle. With this as a basis, it is assumed 
that the wheel tyres have been turned 
cylindrically and the wheel flanges have 
been replaced by rollers with vertical axes. 


Fig. 13. 


Determination of the guiding forces 
(flange thrusts) is important having regard 
to the danger of derailment of the axles 
under consideration. 

Let us suppose that the point O is the 
pole (see fig. 14); in this case, the wheels 
of the leading axle | pivot on point O 
and exercise sliding forces K;. The 
direction of the forces K, is perpendi- 
cular to the straight lines joining the 
poles and the points of contact between 
wheels and rails on the running surfaces 
of the latter. 


We have : 
in which : 
Q = wheel load. 


f" = centre of friction between wheel 
rail in the case of transverse and 


Rie OF 
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longitudinal skidding of the wheel whilst 
running. 

In a similar way, the skidding forces of 
the wheels of the rear axle II are repre- 
sented by the forces Ky in size and 
direction. 

We then have K, = Qf”, taking the 
load of the rear axle as equal to that of 
the front axle. 

To overcome the frictional efforts of the 
wheels on the rails during passage through 
a curve, it is necessary to exert in free 
running a pivoting moment M of the 
vehicle (see fig. 14) : 


M=2Qf" @+ b). 


This moment must be provided by the 
guiding force Y of the outer wheel of the 
leading axle (the only wheel with a flange 
bearing on the rail). 

HEUMANN developed a graphical method 
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of determining the location of the pole 
on which the vehicle pivots during its 
passage through a curve (8). He referred 
to the fact that in theoretical science the 
location of the pole is such that the guiding 
force is a minimum one, basing this on 
the general thesis that all work naturally 
produced is according to the rule of lowest 
effort. 


Let us now consider figure 16. The 
straight line AB represents the wheelbase 
(= c) of the vehicle the leading axle I being 
at A, the rear axle (II) at B. The straight 
line AB is divided into a certain number of 
equal parts, the division being continued 
beyond its point B. The straight line CD 
is traced parallel to AB at a distance 1/25 
(= half the gauge). The straight line AB 
may be regarded as the axis of the vehicle. 


1s) oe a 


(8) See : Organ f. d. Fortschritte des Eisenbahn- 
wesens, 1913, p. 104. 
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At all points A, B and | — 6, the 
distances a and b are determined (drawn 
on fig. 16 for the point of division 4) 
and the sum of the distances (or a + b) is 
taken perpendicularly upwards from AB. 
The extremities plotted are joined to give 


-) 


Fig. 16. 


the curve PQ. The tangent of the curve 
to point A provides the tangent point E. 
If an upright is taken from point E to the 
line AB, the base O represents the desired 
pole. 


Example. — The guiding force Y = 


in which x = the unknown distance 


2: 


from the guiding force to the pole. 


2 
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M D : b 


xX 


At any point, for example, at point 4 
we have : 


a+b 


Xx 


oe 


then : 
Y= 2 Qf" tg 9 


This value is a minimum with a mini- 
mum value of tg @ and therefore with 
a minimum of 9. 


The angle @ has a minimum value of 
go, 1. e. the value corresponding to the 
point O. 


With a vehicle running « tight », where 
the trailing axle also bears on the rail, 
the following method is used : 


The location of the pole is determined 
by the foot of the norm dropped from the 
centre of the curve on the longitudinal 
centre line of the vehicle (see fig. 15). 


In figure 17, the curve PQ is traced iden- 
tically to figure 16, assuming we are consid- 
ering the same curve and the same 
vehicle, the axles at the same time having 
less transverse play in the track, so that 
the vehicle is tight and the rear axle 
cannot move radially. Given that the 
curve RQ represents by its ordinates the 
distances from the pole to the points of 
contact between wheel and rail, that is 
that these ordinates also represent for 
the various points the moments of the 
frictional forces between wheel and rail 
in relation to the pole, it is obvious that, 
if these forces are taken as equal to the 
unit, the curve PQ is the same in the two 
cases represented in figures 16 and 17. The 
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point O being the pole and the point E 
being known, we can trace the tangent 
GF to the curve PQ from the point E. 


We know that the moment of the guid- 
ing force of the leading axle Y, in relation 
to this axle is nil, as is the moment of 
the guiding force of the trailing axle Y2 
in relation to the latter. 

If we now trace the straight line BG, 
we divide the region ABFG into two 
parts, the upper of which represents the 
moments of the guiding force of the 
leading axle Y, (nil at point A) and the 
lower part the moments of the guiding 
force of the rear axle Y> (nil at point B). 


We see that, in relation to point O, 
the moment of the guiding force Y, is 
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M’, and the moment of the guiding 
force Y> is M", from which we get : 


M’)  M’ 
MG —— ed —- — 
xT Cc 
and : 
M’"o mM’ 
Yo = Se 
X2 c 


Test bed for determining the coefficient 
of friction between wheel and rail. — 
Experimental determination of areas 
of contact between wheel and rail. 


It is proposed firstly to determine the 
forces which must be applied to a wheel 
in rotation to cause it to slide transversely. 
A wheel bearing on the rail at a given 
angle must slide with the other wheel of 
the same axle by the action of the guiding 
force of the bearing wheel. The resistance 
to this sliding movement must be cancelled 
by the guiding force. The coefficient of 
friction f’ of a wheel in rotation, displaced 
at the same time transversely was not, so 
far as we know, determined at the time 
of our trials (9). This coefficient is fre- 
quently assumed to be 0.25 which is fairly 
high. It seems possible that the coefficient 


f’ is less than the sliding coefficient f 


when at rest, given that a calculation with 
coefficient f would give guiding forces, 


(2) It was nevertheless known that HAMELINK 
had carried out simple tests with a two axle test 
vehicle with a total weight of 7.1 kg from which 
he concluded that the coefficient of friction in the 
case of transverse displacement of a wheel in 
rotation is equal to the coefficient of friction at 
rest, viz. 0.25. See : De Ingenieur, 1918, p. 467. 


On the other hand, we did not then know that 
Bucuit had already made tests to determine the 
coefficient of friction in the case of transverse 
displacement of a rotating disc. See : Schweizer- 
ische Bauzeitung, 1923, p. 119. 
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which would be unreasonably high. If the 
guiding forces had a sufficiently high 
value to make the vehicle pivot when 
running through curves, it would be in 
a state of unbalanced equilibrium, which 
does not correspond with practical exper- 
ience. Furthermore, this interpretation 
has the inconsistency that a steam loco- 
motive on a curve tends to skid, which 
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flanges, were superposed (see fig. 18). 
The lower set of wheels represents the 
rail, which is not in fact correct since the 
running of a wheel on a rail is the running 
of a circle on a straight line, whilst on 
the test bed the movement was between 
two circles. 

According to HerTz the maximum 
value of bearing pressure between two 


Fig. 


should be attributable to transverse sliding 
of the driving wheels. 


In view of these considerations, it was 
decided to determine experimentally the 
coefficient of friction of a wheel in rotation, 
which is at the same time subject to trans- 
verse displacement. For this purpose, a 
test bed was constructed on which two 
sets of wheels, full size and without 


cylindrical rollers, running one on the 
other, has a value equal to »/2-times 
that of a cylindrical roller running on a 
flat plane. 


To determine the areas in contact 
between wheel and rail, trials were carried 
out by inserting very thin carbon paper. 
Copies from these gave clear pictures of 
the areas of contact (see fig. 19, items 


"CUI 18°8p) WILE OPT | IOJOURIP JooyM 


"CUI QE'EP) WILE QO | J}0WRIP JIO4M 


“CUT O9'OE) WU YEG JO}OLURIP foo AA 


‘CUL €8'ZL) WLU Sg] Io}OWTeIP JooyAA 


‘CUI []"S¢) WU QOP | Jo}oWRIP JoouA 


272 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


Area of 
contact 


Surface 


TABLE III. 


Area of 


contact 
Surface 
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mm2 


191-8) | 930 | 5.5 100 55 119 (27-34)| 1400 | 8.6 130 66 
6.4 80 79 6.6 120 55 
5.8 100 58 1.9 120 66 
5.8 87 61 6.8 112 60 
6.4 80 82 6.9 120 58 
6.6 94 70 6.7 120 56 
6.2 85 B 6.7 120 56 
6.0 80 75 6.9 123 56 
Average 6.1 88 70 Average Al 120 60 
199-16) | 1100 | 4.6 90 51 | 19 (35-40)] 1850 | 8.6 200 43 
4.8 100 48 8.0 160 50 
4.2 100 42 8.2 155 53 
3.9 80 49 8.3 160 52 
ag 92 36 8.0 173 46 
ay 67 48 8.0 148 54 
oz 80 40 Average 8.2 166 50 
314 70 48 |19(41-44| 2150 | 7.7 | 220 | 35 
Average 3.8 85 45 7.6 220 35 
19 (47226 [91240 | 44. i) eercom mead ae 6.5 200 32 
4.1 110 37 6.8 210 33 
5.1 132 39 Average UD 213 34 
5.2 100 52 
2.4 80 31 
3.9 78 50 
2.9 82 36 
Average 4.0 98 41 
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1-44). The results of the trials are shown 
in Table III. 

The test bed comprised a set of wheels 
A which had the flanges removed and the 
tread rounded off with a 200 mm (7 7/8 in.) 
radius, similar to the radius of the tread 
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could be modified by means of these 
weights. 

Displacement of the upper set of wheels 
was by a dynamometer spring which could 
be tensioned by a ring screw H. The thrust 
of the spring on the upper wheels was 


Fig. 20. 


surface when new. This set of wheels 
rested on normal bearings and on the 
centre of the axle was mounted a driving 
pulley. The bearings were shorter than 
the journals so as to allow a limited 
longitudinal movement. 

Above the lower set of wheels A was 
placed a set of wheels B, also without 
flanges and with cylindrical tread. The 
latter set of wheels was held in position 
by a yoke C, which allowed the wheels 
to slide in the direction of the axle. To 
reduce as far as possible the friction 
during lateral displacement, the yoke C 
was provided with two discs D and E. 
On the set of wheels B was suspended 
through roller bearing boxes, a ballast 
box F containing the loading weights for 
the upper set. Pressure on the contact 
areas between the two sets of wheels 


ay { 
o 
x 
a) 
a 
1 
E 
E 

ie 

B A 


Déplacement grandeur réelle 
iRigey, 21. 


Explanation of French terms : 
Déplacement grandeur réelle = Actual size displacement, 
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Vitesse 
cde rovlement 
kim /y myn Charge 2 tonnes. 
S00 


7oo! 
40 
Goo 
30 - S00 
400 
20- 
300 
200 
1o- 
100 
K= 2900 400 Goo 8o0oO tooo 1200 1400 kg 
Vs = Speed of transverse displacement. 
K = Force of transverse displacement. 
Fig. 22. 
Explanation of French terms : 
Vitesse de roulement = Running speed. — Charge 2 tonnes. = Load 2 metric tons. 
Vitesse de 
roulement ‘ 
Km/r pre Charge 4 tonnes 
fore, ¥ 


K = 200 400 600 800 1900 1200 1400 k§ 
Vs = Speed of transverse displacement 
K = Force of transverse displacement. 
Fig: 23. 


Explanation of French terms : 


Vitesse de roulement = Running speed, — Charge 4 tonnes = Loading 4 metric tons. 
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transmitted by an angle lever K with table N, fixed to the yoke C, by displace- 


a pivot M. 


ment in a manner homothetic to the upper 


The value of the force exercised by this wheels. The pen, directed in oprosite 
lever was recorded graphically on the direction, vertically in the frame. was 
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Vitesse de 
roulement 
kea/p myn Charge 6 tonnes 
So. 
sSo- 
800 ir +— — 7 ai 
ax. 700 ie at + 
€00 + 4 
1 7 
(Bz 
30-50 + Ne | ING! ite | 
» » S 
| Y | 
400 © = NQv. | 
20- ala S. 
300 | 
| 
200 
190- . ~ as 
100 Se ssh — 
K= 200 400 600 800 1000 iz00 1400 kg 
Vs = Speed of transverse displacement. 
K = Force of transverse displacement. 
Fig. 24. 
Explanation of French terms : 
Vitesse de roulement = Running speed. — Charge 6 tonnes = Load 6 metric tons. 


Fig. 25. 


coupled to the spring G, so that the 
vertical displacement was proportionate 
to the tension of the dynamometer. The 
transverse movement of the upper set 
of wheels was limited by the stops S, 
fixed to the frame. 

Later, the installation was modified so 


that the dynamometer was tensioned by 
mechanical drive from an axle turning 
at a constant speed, with various transmis- 
sion ratios and thus at various speeds 
which could be determined exactly. The 
mechanical drive of the dynamometer was 
necessary to make possible recording 
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vitesse cde roulement S km/h 


fficient de frettement 


Coe 


1S" 3o' Te 130! mow 2°15! 
angle dattaque 


Fig. 26. 


Explanation of French terms : 


Coefficient de frottement = Coefficient of friction. — Vitesse de roulement 5 km/h 
= Speed of movement 5 km/h. — Angle d’attaque = Angle of bearing. 


Vitesse de roulement 20 km/h 


~ 

c 

x 

Ee 

VOj4 

we 

2 

a 

3 
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c 

= 

= 

LS} 

9 

9 

45" 30’ 4° 4°30" ei 2°i5' 
angle d'attaque 
levbey, 27l, 
Explanation of French terms : 
Coefficient de frottement = Coefficient of friction. — Vitesse de roulement 20 km/h 
= Speed of movement 20 km/h — Angle d’attaque = Angle of bearing. 


Vitesse de roulement SOkm/h 


= 
Fad 
is 2 
ro 
creo} 
a 
a) 
|e 
v 
= 
ul 
° 
o 

15? 30' we 4°30’ aie reat ey 

angle dattaque 
Fig. 28. 
Explanation of French terms : 

Coefficient de frottement = Coefficient of friction. — Vitesse de roulement 50 km/h 


= Speed of movement 50 km/h. — Angle d’attaque = Angle of bearing. 


May 1951 


May 1951 


of the speed of transverse slide in relation 
to the speed of rotation. Figure 20 shows 
the modified construction diagrammati- 
cally. 


Figure 21 is a specimen diagram from 
which can be deduced the sliding force 
and speed. A is the initial point. 


The upper pair of wheels bear on the 
angle lever K (fig. 20) and cover the 
distance AB without exercising any force 
whatever. At the point B, the sliding 
force comes into action; at first the axle 
is not moved. At the point C displace- 
ment of the axle commences under pres- 
sure from the dynamometer which in- 
creases continuously up to a position 
corresponding to D where the maximum 
value of the action of the force is reached. 
Beyond this, displacement of the axle takes 
place with a constant force. The speed 
of slide can be determined by means of 
the points shown on the diagram, which 
are marked at 0.5 second intervals. 

In this way, a certain number of tests 
were made with axle loads of 2.4 and 6 
tons at various speeds of rotation and 
slide. The results obtained are shown 
graphically in figures 22-24. 

It is concluded from this that the coef- 
ficient of friction f’ for constant speeds 
of rotation and slide decreases as the load 
increases. For example with a running 
speed of 400 m/min (24 km/h) and a 
sliding speed of 0.9 cm/sec (5.4 m/min), 
the values are : 


WithmmlOAd OL 2a tous) i= 0.2505 
Witiwes lone) Oled. tOUS wjee——4Olons 
with as loads o1 6 tonsiaj7 = 05134. 


The rotary movement of the wheels 
was correct to 0.1 mm, whilst the parallel 
mounting of the two sets of wheels 


3* 
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excluded the possibility of any obliqueness 
whatsoever. 


To overcome the forces of inertia, 
trials were pursued, the upper set of 
wheels being mounted at a certain angle 
to the lower wheels. The trials were 
carried out with angles « of 3’ to 2°15’. 


Assuming that the upper set of wheels 
moves at a speed V, its sliding speed should 
be Vs = VR tga, so it remains in effect 
in the same place (see fig. 25). 


Here we have reproduced exactly the 
case of a wheel bearing on the rail. The 
trials were carried out at running speeds 
of 5, 20 and 50 km (3, 12 and 31 miles)/h. 
The results are shown in Table IV and 
are graphed in figures 26 to 28. 


These illustrations allow us to conclude 
that the friction to transverse slide of a 
rotating wheel, or what comes to the 
same thing, when the rotation of a wheel 
running at a certain angle on the rail, can 
reach a high enough value if the speed of 
slide is relatively high. Friction was so 
pronounced that the surfaces gripped 
and small particles were detached, coming 
away in their original polished condition. 

These two sets of tests, one with 
parallel pairs of wheels and the other 
with wheels set at relative angles, gave 
similar results as regards the coefficient 
of friction. It also showed that the 
absolute value of the coefficient of fric- 
tion f’ for a given axle load, depends 
solely on the relationship between the 
speeds of rotation and slide. This rela- 
tionship is shown in figure 29. 

The results of the trials carried out may 
be summarised as follows : 


If two cylindrical rollers with parallel 
axes run one on the other at a speed of 
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TABLE IV. 


Load 
2 metric tons 


Load 
6 metric tons 


Load 
4 metric tons 


Angle 


K ie 


of bearing 


Speed of movement 
5 km/h 


nd 
= 
oO 
& 
2 fe 
og 
as 
Ge 
5g 
se) 
o 
oO 
o. 
n 


Speed of movement 


VR and if one of the cylinders slides at 
the same time on the other in the direction 
of their axis at a speed of slide Vs, or, 
what is really the same thing, if one 
cylindrical roller runs on another at the 
same running speed VR whilst their axes 


> | 

Fe K | fe 

; 
kg | 


0.274 
0.288 
0.327 
0.330 
0.330 
0.330 


1 640 
1 730 
1 962 
1 980 
1 980 
1 980 


0.324 
0.345 
0.346 
0.346 
0.346 
0.346 


0.054 = 
0.162 — 
0.240 = 
0.312 — 
0.329 1 920 
0.349 2 130 
0.354 2 130 
0.354 2 130 
0.354 2 130 
0.354 2 130 


0.320 
0.355 
0.355 
0.355 
0.355 
0.355 


form a certain angle, the coefficient of 
friction depends in this case solely on 
the relationship VR : Vs with the surface 
pressure remaining constant and _ the 
materials being identical. 

The latter result is very important, since 
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it will allow the following trials to be 
confined to axles in an oblique position 
and a restrained running speed as Vs = VR 
tga; the absolute value of VR is not an 
important factor. 

The trials were subsequently continued 
with axle loads of 8 and 10 tons, the 
the treads of the lower set of wheels being 
rounded off with a 400 mm (1' 3 3/4’) 
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actual conditions, a three-axled standard 
gauge vehicle was built to enable trials 
to continue (fig. 34). 

One of the outer axles A has no trans- 
verse play and is therefore a so-called 
rigid axle. This axle carries a normal 
load. The other outer axle is also rigid 
but has no suspension springs as it is 
not loaded and serves only to guide the 


Coefficient of friction 


Angle d’attaque 


WR ayes speed of movement 
Vs speed of transverse displacement 
Fig. 29. 
Explanation of French terms : 
Charge 2 tonnes = Load 2 metric tons. — Angle d’attaque = Angle of bearing: 


radius, similar to that of the rail head in 
use (see fig. 30 and 31). 


Figures 32 and 33 show the contact areas 
in the case of a coned wheel on a convex 
surface of 400 mm radius and the same 
wheel on a rail rounded off at 400 mm. 


Test vehicle for determining the coeffi- 
cient of friction between wheel and rail. 


As we have noted, the early trials did 
not reproduce actual conditions, since a 
circle was running on a circle and not on 
a straight line. To approach nearer to 


vehicle in the track. The axles A and B 
are flanged to give a minimum of play 
in the track. 


The intermediate axle C comprises a 
cylindrical tread without flange. The 
load on this axle is transmitted by means 
of mountings D on the axlebox and in 
this way to the wheels and to the rails. 
The axle has lateral displacement and 
can also take up an oblique position. 
This is the measuring axle or as it is 
otherwise called, the test axle. Trans- 
verse movement is limited by a lever E 
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Coefficient of friction 


Fig. 30. 


1000 1100 1200 1300 1400 1500 1600 170¢ 


Coefficient of friction 


Vs 


5 Angle dattague 


oe 
VR 5 speed of movement 
——— = ratio 5 
Vs speed of transverse displacement 
Fig. 31. 
Explanation of French terms : 
Charges 2 tonnes = Load 2 metric tons. — Angle d’attaque = Angle of bearing. 
| / Conne 2 Lorines 3lornanes 
—- (<< 
— oe —— 
‘ c | 
& / 
rs z 
>= ines 703 InIr* 16rrin* 
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5 io wits 
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se 
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Fig. 33. — Determination of areas of contact. 


Fig. 34. 


which exercices thrust along the axle position oblique to thevaxie= Ge thesaxle 
centre line and is loaded by a dynamo- will tend to overrun the rails since tke 


meter F. 


vehicle is guided in the track by axles 


If the vehicle runs forward with a A and B. 


Coefficient of friction 


Coefficient of friction 


Coefficient of friction 


Coefficient of friction 
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21 3 F 1e 
f30 Angle d'attaque 


Fig. 35. — Two wheels of equal diameters. 


| 
ia 
9 6 35 


Cah GIS! TS ats 2 


ted Angle d'ettaque 
Fig. 36. — Difference between the 2 wheel 
diameters 1 mm. 


aie o0 eS om eeL Cs 6 


130 Angle d'attaque 
Fig. 37. — Difference between the 2 wheel 


diameters 3 mm. 


Angle d'tattaque 
Fig. 38. — Difference between the 2 wheel 
diameters 5 mm. 


Angle d’attaque = Angle of bearing. 


GL 
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The forces working between the wheels 
of axle C and the rails are transmitted 
by the axle and the lever E to the dyna- 
mometer. This transverse force can be 
determined exactly. To provide for obtai- 
ning the dynamic load, axle B is not 
designed to support any part of the weight 
of the vehicle. 


In order to reproduce the action of 
tyres with conical tread section, the 
above tests were continued with axle C 
having cylindrical tread sections, the 
diameter of one of the wheels being less by 
1, 3 or 5 mm (3/64", 1/8” or 13/64”) than 
the other wheel. One of the wheels was 
thus running a different circle to the 
other, which was equivalent to a set of 
wheels displaced transversely with conical 
tread. 


As regards the results obtained with 
cylindrical wheels of equal diameter, 
compared with those on the test bench, 
values of f’ in the upper oblique position 
were somewhat less with the test vehicle 
than on the bench. 


The test of the wheels of axle C, with 
different diameters showed that conical 
treads had a good influence. Values of f’ 
for conical tyres were less than those 
with cylindrical tyres. The value of 
J’ decreases as conicity increases in such a 
way that with a | : 20 coning (difference 
in wheel diameters, 5 mm) at an oblique 
position from 0 to 12’ at which the value 
of f’ = 0, the value only increased to 
0.15 for an oblique position of 2°15’. 


The results obtained with wheels of 
unequal diameters should be considered 
as fictitious results, so far as the value 
of f’ is concerned, since we do not know 
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TABLE V. 


Load on axle C 


bearing 


Pi 


of axle 


to what extent the transverse distance to 
be covered in a sliding movement changes 
by reason of the conical shape of the tyres 
and to what extent this shape reduces 
the grinding force. 

The results of these tests are shown in 
Tables V to VIII, and graphically in 
figures 35-38. 

We can conclude from them that with 
an oblique position of more than 1° the 
coefficient of friction f’ does not vary. 
Table IX gives the values of f’ for the 
different cases. 

The action of the forces is reproduced 
in figures 39 to 41. 


If the two wheels of the axle C have 
the same diameter, this axle will be found 
to have an oblique position as in figure 39, 
and the vehicle will run in the direction 
of the arrow N; the wheels of axles A 
and B will exert on the left-hand rail the 
forces Ka and Kg: 


b 
Ky = K 
a+b 
ayiGl © 
Revs a 
Phage 9 


The two wheels of axle C run in a 
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TABLE VI. 
Load on axle C 
nels 6t 8 t 10 t 12¢t 14 t 16 t 
bearing - - = 
on axle ‘ , F 
Cc K fi K hike K aie K a K fi K fi 
kg — kg — kg — kg — kg — kg — 
SS a ne LE ST Sel 
3) 200 | 0.03 400 | 0.05 600 | 0.06 800 | 0.07 | 1000 | 0.07 | 1 350 | 0.08 
6! 500 | 0.08 700 | 0.09 900 | 0.09 | 1100 | 0.09 | 1300] 0.09 | 1700} 0.11 
9' 750 | 0.13 950 | 0.12 | 1150 | 0.12 | 1400) 0.12 | 1600 | 0.12 | 2000 | 0.13 
(2% 950 | 0.16 | 1150 | 0.14 | 1350 | 0.14 | 1600 | 0.14 | 1900 | 0.14 | 2300! 0.14 
i163! 1100 | 0.18 | 1300 | 0.16 | 1600] 0.16 | 1800] 0.15 | 2100} 0.15 | 2500} 0.16 
30' 1350) 10:23) 10650) 9 0.210 1.9500 0:20 2 300R OOM SSOn MONS 00 RB mOasS 
1° 1400 | 0.23 | 1750] 0.22 | 2150] 0.22 | 2500] 0.21 | 2750 | 0.20 | 3000) 0.19 
1° 30’ | 1400] 0,23 | 1750 | 0.22 | 2150 | 0.22 | 2500'| 0.21 | 2.750.) 0.20 | 3000) 0.19 
2° 1400 | 0.23 | 1750 | 0.22 | 2150) 0.22 | 2500} 0.21 | 2750 | 0.20 | 3000) 0.19 
2° 15’ | 1400 | 0.23 | 1 750 O22) 2 15071022) 25008 0.212750 ne O208 3 000R BOs9 


direction longitudinal to the track and 
slide in a transverse direction. 


On the other hand, if the two wheels 
of axle C have unequal diameters, and 
if this axle does not have an oblique 
position as in figure 40, the smaller diameter 
wheel will slide and exert a force T 
on the right-hand rail, more or less in the 
longitudinal direction of the track. The 
wheel of larger diameter will supply the 
reaction to this force exerted by the wheel 
of smaller diameter, so that a force T also 
acts on the left-hand rail but in an inverse 
direction. 


The two forces T form a moment : 
Marek 

The forces shown in figure 40 are exerted 
by the vehicle in the track. On the 
vehicle, therefore, the moment operates 
inversely, consequent upon the action 
of this moment, the axle A is thrust with 
a force K’, against the right-hand rail 
and the axle B with a force K’s against 
the left-hand rail. 


The forces have the following values : 


G 
Kio ey 
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TABLE VII. 


Load on axle C 


bearing | 


on axle 
(€ 


240 0.02 


880 0.06 


1 500 | 0.09 


1850 0.12 


2 200 | 0.14 


2700 | 0.17 


2800 0.18 


2 800 | 0.18 


2800 0.18 


and : 
Cc 


Tet 
If the axle C takes an oblique position, 
the wheels not having the same diameters 
(see fig. 41), one wheel of the axle A 
then thrusts against the left hand rail 


with a force : 
Ke == K'a a Ka 


and one wheel of axle B against the left- 
hand rail with a force : 


2800 0.18 


K"3 ee Kg “2 K's 


The force K", can be nil, or negative, 
i. e. the pressure is exercised by the other 
wheel of A on the right hand rail. 


It has been seen with the test vehicle 
that with an oblique position of about 50’ 
the force K", bécomes nil. If the oblique 
position is less than 50’, it is the left-hand 
wheel which bears on the rail and if the 
oblique position exceeds this figure, the 
right-hand wheel which bears on the rail. 


What is the explanation of force K" 
being less than K? 
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TABLE VIII. 


Load on axle C 


et 


bearing 
on axle 


TABLE IX. 


Position 1° oblique with axle load in metric tons 


12 age 


in diameters 
of wheels 
on axle C 


Difference 


valeur de f’ 


0.22 


0.21 
0.18 


0.16 
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In the case of figure 39 the two wheels of 
axle C run in the direction of the track 
and slide transversely; force K causes 
the transverse slide. In the case of figure 41, 
the larger diameter wheels runs on the 


file droite 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


287 


rail, due to the unequal diameters. We 
have here two directions of slide. one 
across the other. The force K” as measured 
determines only the force of friction in 
the transverse direction and this, for the 


Fig. 39. 


SSS 
ft fe gauche 


Ka K, 
Fig. 41. 
Explanation of French terms : 
File droite — Right hand rail — File gauche = Left hand rail. 
left-hand wheel and slides across it; smaller diameter wheel, is weaker than 


the right hand wheel slides longitudinally 
to the rail and also transversely; the slid- 


ing accross is done more easily because 


in the case of figure 39, and, for the larger 
diameter wheel, equal to that of figure 39. 


continued. ) 


(Lo be 


of the longitudinally slipping along the 
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Slightly staggered rail joints, 


by A. SALDANHA, 


M.A. Cantab., M.I.E. India, Fellow P. W. Inst., Chief Engineer, G.I. P. Railway. 


FOREWORD. 


The logic of staggering rail joints is 
irresistible. The joint is recognised as a 
weak part of the track structure and it is 
merely sound horse-sense to avoid placing 
two weak spots directly opposite each other. 
But till recently, staggering of joints has 
been confined only to curves, and there too 
the joints are laid to a « mid-stagger » 
i.e. half a rail length apart. 

This study is a reprint of two articles 
contributed by the author to the Quarterly 
Technical Bulletin published by the Rail- 
way Board. It sets out the considerations 
in favour of adopting a « short » stagger 
on all track, both straight and curved, 
explains how the objections put forward 
were overcome by the invention of a bifur- 
cated tie-bar, and describes the develop- 
ment of the installation of slightly stag- 
gered rail joints on the G.I. P. Railway. 
Finally, it goes on to derive the optimum 
« pitch » of the stagger by a process of 
analytical deduction. 

The purpose of this article is to enable 
engineers and inspectors to follow clearly 
the reasons why the use of the short stagger 
is advocated. It is hoped it will also con- 
vince any « doubting Thomases » among 
track specialists of their real merits and 
decided superiority over square joints. 

In addition to these merits, staggering of 
joints also has the virtue of being a useful 
anti-sabotage device, as unlike track laid 
with square joints, it prevents the track 
being broken and slued even when the 
fishplates are removed. The bifurcated 
tie-bar further assists in maintaining the 
continuity of the track structure, and 
making the removal of the fishplates inno- 


cuous. In these days where attempts at 
sabotage are not uncommon and saboteurs — 
resort to the simple expedient of removing 
the fishplates, any device which makes the 
removal of fishplates less hazardous for the 
travelling public merits careful considera- 
tion from the point of view of introducing 
a safety complex in track design. 


Slightly staggered rail joints. 


The staggered joints with which track 
engineers are familiar is the « half-stagger » 
used on curves, partly to overcome the dif- 
ficulty of obtaining square joints, because 
of the lead of the inner rail, and partly to 
secure a smoother alignment by preventing 
elbowing at the joints, noticeable with F. F. 
rails of heavy section, which do _ not 
naturally lend themselves to lateral flexure. 

The effect of staggering is also to reduce 

the impact at joints to that corresponding 
to a wheel load, instead of an axle load, 
and to produce more uniform vertical con- 
tinuity of the track. 
Prima facie, therefore, it can be con- 
cluded that the staggering of rail joints is 
beneficial in providing better lateral and 
vertical continuity of the track, both on 
curves and on the straight. 

Due partly to weak fishplates, and partly 
to inadequate support with the compa- 
ratively wide sleeper spacing at the joints, 
the joints of obsolescent track are mostly 
low, and the occurrence of these low spots 
at regular intervals of half a rail length on 
alternate rails has been found to set up an 
undesirable and uncomfortable rolling mo- 
tion in locomotives and rolling stock, owing 
to the regular periodicity of the roll on 
either side, particularly when it synchro- 
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mises with the period of vibration of the 
springs. 

The problem, therefore, is to obtain the 
benefits of staggering the joints, while at 
the same time eliminating the hazard and 
discomfort of synchronous rolling motion. 

At Meeting N° 11 (1940) of the Engineer- 
ing Section of the I.R.C.A., the Chief 
Engineer, North Western Railway, who was 
appointed Reporter on subject N° N/264 
« Staggered rail joints on straight track », 
described a method of achieving this by 
staggering the rail joints a distance less 


than the dimension between the closest 
spaced bogie wheels running on_ the 


Railway. 

« The effect of such a stagger is that the 
four wheels of a single bogie will pass over 
the joints with an alternate right and left- 
hand vertical displacement on front and 
rear wheels. Assuming the joint in the 
right hand rail is leading, first the left 
leading wheel, then the right leading, fol- 
lowed by the left trailing and finally the 
right trailing wheel, will pass over the 
joints in a manner which can best be 
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referred to as a « wriggling » motion. This 
transition over the joints may be compared 
with the motion of a motor car passing 
over a ridge in a road diagonally instead of 
on the straight. It is well known that by 
hegotiating an obstruction in such a man- 
ner the uncomfortable effects on the pas- 
sengers in the motor car are very consider- 


ably reduced 
« The beneficial effect on running has 
been very noticeable and the joints are 


negotiated with the minimum of impact or 
vertical movement transmitted to the coach 
itself >\(7)s 

The sleeper density adopted in the expe- 
riment was (N+3) standard for 36 ft. rails, 
and a comparison of the sleeper spacing of 
track laid with square joints, and track laid 
with slightly staggered (3’-1”) joints is 
shown below, for C _ I. sleepers : 


Gy Page 37 of Report of the I(R-C. Ay En- 
1 


gineering Section, Meeting N° J1. 


eee eS 


| Ly INTERMEDIATE SLEEPERS SPACED 2-8 es | 


int No>t2- alt2-8 


b2-8 +2- Bree za 


SQUARE JOINTS. 


36-0 RAIL} 


STAGGER. 


STAGGERED 


2.9 i 


JOINTS. 
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The G.I. P. Engineers were quick to recognise that the short stagger had great 
possibilities, and adopted sligthly staggered joints as the standard on relaying, with a 
sleeper density of (N+4) for 36 ft. rails to the spacing shown below : 


STAGGER. 


At a subsequent meeting ('), however, 
the Chief Engineer, N.W.R., submitted 
the following adverse report : 

« Records of running conditions on 
lengths of track laid with staggered joints 
were taken during the year with the Hal- 
lade instrument. The results obtained do 
not show any advantage in favour of stag- 
gered joints; in fact, square joints show 
slightly better results. Previous impres- 
sions of good running on staggered joints 
may have been due to the new sleepers 
then laid in the track and partly because 
the running is less noisy, as both wheels 
do not strike the joints at the same time. 

» The staggering of rail joints involves 
a bunching of the sleepers under the joints 
and, consequently, wider spacing of sleepers 
in the centres of the rails, as compared with 
spacings with square joints. Such bunching 
and non-uniform spacing of sleepers means 
a varying elastic modulus of the track. 
Moreover, at the joints the spacing of the 
sleepers between the joints leads to greater 
support of the rail on one side of a joint 
as compared with the support on the other 
side. On account of the bunching of the 
sleepers at the joints and the wider spacing 
of the sleepers in the centres of the rails, 
there is constant trouble from low centres 
of the rails. This leads to uncomfortable 


(1) Meeting Ne 13 (1943) of the Engineering 
Section of the I. R.C. A. 


260) SP ce cir web cena 


STAGGERED JOINTS. 


running in addition to the rolling motion 
of the joints. It is felt that this will get 
worse as the sleepers become older. 

» It is not intended to lay any more track 
with staggered joints and, as this type of 
track does not give any better running 
compared with square joints, it is not pro- 
posed to submit any further reports on this 
experiment. » ('). 

With the hazard of synchronous rolling 
eliminated by the substitution of the short 
stagger for the half-stagger, the beneficial 
effects of staggering (°) are so decided, that 
the problem of formulating a_ solution 
which will retain the benefits of the short 
stagger and at the same time overcome the 
valid objections put forward by the 
N. W.R., is worth serious study. ‘The pro- 
blem im a nut shell with slightly staggered 
joints is to reproduce the accepted efficient 
rail joint support for square joints but 
without any bunching of sleepers under 
the continuous rail opposite the joint, and 
without too wide a spacing of the inter- 


(*) Report dated 21st October, 1942, by A. M. 
Sms, Chief Engineer, N. W. Rly. at the 13th 
meeting of the Engineering Section of the 
i Rev GaAre 19438 

(7?) « In America, there exists the wise rule of 
setting the joints out alternately instead of 
opposite one another. In Europe such a dis- 
position sof the rail joints is only now begin- 
ning to be used ». Introduction to Railway 
Mechanics : George V. LoMONOSSOFF. 
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mediate sleepers, i.¢., a uniformly elastic 
track structure-cumslightly staggered joints. 

Before describing the proposed solution, 
it is necessary to specify what is the most 
efficient rail joint support using standard 
fishplates and sleepers and without resort 
to expensive patent devices. According to 
the world consensus of opinion and 
experience (’), the most efficient rail joint 


Bes OERAlL = 
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support is secured by laying the joint 
sleepers practically touching, the shoulder 
sleeper at about 1’-9”, the next to shoulder 
sleeper at 2’-0” to 2’-3”, the spacing of the 
intermediate sleepering depending on the 
density of the sleepering. 

Consider now a 36 ft. rail length sup- 


ported on 17 C.I. plate sleepers, equally 
spaced at 2’-3” centres: 


u 


16 EQUAL SPACINGS OF 2-3 


Sub-divide the first and second spacing of 2’-3” into two parts, measuring 7” and 1/-8” 
respectively in the manner shown diagrammatically below : 


, a 
4-6 — 


All that is required to translate the above into practice with C.I. plates, is to use a 
bifurcated tie-bar at the joints, with two C.I. plates threaded at the end supporting the 
joint, and one C.I. plate at the opposite end under the continuous rail : 


(1) See proceedings of the Paris Congress, 1937, Bulletins of the Internationa 
Congress; also subject N° N/267 « The support of rail joints » in the 


I. R. GC. A., Engineering Section. 


Railway 
proceedings of the 
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The sleeper spacing with a density of (N +5) for 36 ft. rails, and the support in the 
vicinity of the joints, with a short stagger of 4’-6” is shown below for C.1. plates of 


thenGs I) ety pe: 


000 


36-0 PAL ie ae 


Seti tS 


Similarly for 42 ft. rails, the same symmetrical spacing can be derived by dividing the 


distance into 18 equal spacings of 2’-4”. 


42-0 RAIL 


~ = 42-0 RAIL 7 


dood edd Seo 
=) 


STAGGER 


Notice that each joint is supported by 
two closely spaced plates, with the shoulder 
sleeper on either side a about 1’-9”. The 
bifurcated tie-bar permits the use of two 
plates at the rail joint, and of one plate 
at the point opposite the joint on the conti- 
nuous rail, thereby overcoming the objec- 
tion of the hard spot on the rail opposite 
the joint. 

One has only to compare the sleeper 
spacings used in the preliminary trials on 
the’ No WR. and Gil) P. and: reproduced 
earlier in this article, with the spacings 
now proposed, to be convinced of the im- 
provement possible in securing a symme- 
trical spacing of sleepers and a uniformly 
elastic modulus of track support by the 
simple expedient of using at the rail joints 
bifurcated tie-bars, which can be turned 
out in any small workshop. Exactly the 
same number of sleepers are used as would 
be required to secure the same modulus of 
track support with square joints. At the 
same time, this arrangement also indicates 
the optimum spacing of intermediate sleep- 


ers to secure a uniformly elastic track struc- 
ture. For, if the closest intermediate spac- 
ing possible on the continuous rail opposite 
the rail joint is 2’-3”, there is no object in 
reducing this distance further along the 
rail by increasing the density of the sleeper- 
ing, as it would only result in a track of 
varying longitudinal modulus of elasticity, 
hard in the intermediate portions, and 
yielding in the zone of the joints. 

As regards the amount of the stagger, the 
minimum rigid wheel base permitted by 
Standard Dimensions for bogie trucks of 
any vehicle on the broad gauge is 6 ft., so 
that the condition that the amount of the 
stagger should be less than the dimension 
between the closest spaced bogie wheels is 
satisfied. As a matter of fact, the normal 
wheel base for bogie trucks of broad gauge 
passenger rolling stock on Indian Railways 
is 10 ft. 

On curves, adopting the usual practice 
of using a cut rail, short by the pitch of the 
fishbolt holes (41%" for 90 Ibs. R.F.F. 
track) when the lead of the inner rail 
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becomes half the pitch of the bolt holes 
(2'%4" for 90 Ibs. R. F. F. track), the extent 
of the stagger will vary from that on the 
straight by + half the pitch of fishbolt 
holes. The sleeper spacing between the 
staggered joints will require slight adjust- 
ment to distribute this variation. 

This drawing-board solution is now 
being given a practical trial under fast 
operating conditions on the G.I.P. on a 
50 mile stretch of relaying. The test will 
indicate to what extent the arrangement 
stands up in practice as regards alignment, 
gauge, level and joint support. This can- 
not be predicted on the drawing board. 

The arrangement has the advantage of 
simplicity. A symmetrical and uniformly 
elastic support is secured without the use 
of special types of joint sleepers, fishplates 
and fastenings. The only non-standard 
fastening employed is the bifurcated tie- 
bar, which is too simple to manufacture, if 
necessary from discarded full length  tie- 
bars. It may, therefore, be of interest to 
other railways who are using or experi- 
menting with slightly staggered joints. The 
arrangement is applicable only to track 
laid with C. 1. plates connected by means 
of a tie-bar. 

Criticism will probably be directed to the 
efficacy of the bifurcated tie-bar as a gauge 
link, also its durability under torsional 
stresses. Here again, it may be stated that 
although there is no difficulty in providing 
a distance piece at the end of the bifurca- 
tion, it has been deliberately left out in the 
first instance, as it may turn out to be 
unnecessary in actual practice, once the 
plates take a stable bedding. 


1. What is the optimum stagger ? 


In an article which appeared in the 
January 1947 issue of the Quarterly Tech- 
nical Bulletin, the author discussed the 
claims made for the «’Short-stagger » and 
the design of a composite cast-iron sleeper 
with a bifurcated tie-bar to secure uniform 
bearing pressure on the sub-formation at 
joints and along the rail when the joints 
are staggered. 
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2. The idea of laying the track to a 
« short-stagger » has, since the publication 
of this article, aroused worldwide interest, 
and the author has received numerous 
enquiries both from home and_ foreign 
railways regarding the merits and_ the 
practical features of track laid with slightly- 
staggered joints. He therefore proposes to 
give a resume of the considerations leading 
to the adoption of the short-stagger and 
up-to-date developments of designs of com- 
posite sleepers for use with track laid to a 
short-stagger. 

3. Going back to history, he would men- 
tion that on the G.I. P. Ry., it had been 
accepted that the short-stagger was good, 
both on straight and curved track. The 
first problem he set himself to solve was 
to secure a uniform modulus of track sup- 
port with staggered joints. It involved the 
design of a composite joint sleeper which, 
while providing adequate joint support at 
the rail joint end, provided only the nor- 
mal support under the continuous rail at 
the opposite end. In his previous article he 
described the design of this composite 
sleeper. 

4. The next problem which exercised his 
mind was this: The dimension of  short- 
stagger used was 3/-5 3/8”. What was the 
virtue of this dimension? Assuming that it 
is good to stagger ra.J joints but that the 
mid-stagger is undesirable, what is the opti- 
mum stagger considering both the track 
and the rolling stock as a whole? He will 
now describe how he arrived at the opti- 
mum dimension for the short-stagger by a 
process of logical deduction and without 
the use of formidable equations and cal- 
culas symbols which are apt to baffle 
practical technicians. 

5. Before dealing with the question of 
the optimum stagger of rail joints, the 
author will briefly recapitulate the argu- 
ments in favour of the short-stagger. 

The advantage of staggering joints (to 
any pitch) is that it produces better lateral 
as well as vertical continuity of the track. 
The improved lateral continuity is evi- 
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denced on curves where it will be observed 
that staggering of joints produces a smooth 
curve, whereas square joints have a ten- 
dency to produce elbowed track. The im- 
proved vertical continuity can be observed 
by suspending a miniature model track, 
first with square joints and next with stag- 
gered joints, when it will be seen that the 
irack set with staggered joints, hangs in a 


smoother and a flatter vertical curve than . 


track with square joints. 


6. The effect of staggering (to any pitch) 
is also to reduce the impact on the rolling 
stock and track structure at a given instant 
considerably, as compared to track laid 
with square joints. The nature of the 
motion of a bogie over square joints and 
staggered joints differ fundamentally. 
When the joints are laid square, there are 
two low spots opposite each other, and the 
bogie is free to pitch about the centre 
pivot. The joints (and the rolling stock) 
thus receive the full force of the axle load 
travelling into the longitudinal depression. 
But when the joints are staggered, there is 
only one low spot at a given instant, which 
causes the bogie to wobble a compound 
motion consisting of a side and vertical 
oscillation — and so far as the vertical 
impact is concerned, the effect is much less 
than even that of a wheel load; for when 
only one wheel out of four is travelling 
into a depression, the three remaining 
wheels have a restraining influence over 
their truant companion, which reduces the 
vertical velocity of impact. Considering 
that the impact effect is conditioned by the 
square of the speed (MV,), the propor- 
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tionate reduction is much less than even 
that of a wheel load (as opposed to an 
axle load with square joints), because of 
the considerable reduction in the vertical 
speed factor. 

A further point is that in normal track 
maintenance, very great attention is paid 
to the maintenance of cross-levels. When 
the joints are staggered, this automatically 
ensures a smaller difference of levels at the 
joints, as compared with square joints, and 
this correspondingly reduces the impact 
effect due to the lowness of the joints. 


7. Prima facie, therefore, it can be con- 
cluded that the staggering of rail joints is 
beneficial, both on curves and on_ the 
straight : 

(a) in producing better lateral conti- 
nuity of track; 

(b) in producing better vertical conti- 
nuity of track; and 

(c) in reducing the impact on the for- 
mation and on rolling stock to much less 
than half. 


8. In the past, it was the practice to 
stagger joints only on-curves and to employ 
the « mid-stagger » (half the rail length). 
While this arrangement secured a smooth 
curve, the occurrence of impacts at regular 
intervals of half a rail length on alternate 
rails was found to set up an undesirable 
rolling motion in locomotives and rolling 
stock as, in many cases, the periodicity of 
the roll synchronised with the periodicity 
of the vibration of the rolling stock springs. 
Pictorially the impact effect of a bogie 
passing over a track with mid-stagger, is 
shown below : 
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oe impacts on 
each rail when a bogie pases over a rail joint. 
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Observe that two successive impacts 
occur on one side of the bogie, followed by 
two successive impacts on the other side. 
The regular intervals at which these occur 
produces a cumulative effect which tends 


to build up the oscillation and increase the 
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amplitude of the roll, causing uncomfort- 
able riding. 

9. To overcome this, the obvious solu- 
tion is to reduce the pitch of the stagger 
to something less than the bogie wheel 
base, when successive impacts will occur 
on opposite sides of the bogie, as depicted 
diagiammatically below : 
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Observe that successive impacts occur on 
Opposite sides of the bogie. This produces 
a quick « wriggle » or a « shudder » fol- 
lowed by a pause, as opposed to the roll 
with the mid-stagger or the pitching with 
square joints. ‘Ihe period of frequency 
of the wriggle is much smaller than the 
period of vibration of rolling stock springs, 
thereby eliminating the hazard of reson- 
ance. [he pause following the wriggle 
eliminates any cumulative effect tending to 
build up oscillations. 
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Fig. 


11. On the broad gauge the normal pas- 
senger wheel base is 10’-0”. It therefore 
follows that the optimum short-stagger is 
5’-0”. As this is less than the minimum 
wheel base of 6'-0” stipulated in the Sche- 
dule of Dimensions, the condition that the 
pitch of the stagger should be less than the 
bogie wheel base, is also satisfied. ‘This is 
the reason why the standard short-stagger 
adopted on the G.I.P. Railway for 
relayings and block renewals is 5’-0”, with 
a tolerance of + 0/-6” to fit in with the 
joint and shoulder sleeper spacing and 


10. It is more conducive to comfort if 
rhythm is introduced into the wriggle. For 
this purpose the timing of the four impacts 
in the passage of the bogie over the two 
joints should be equal. ‘This can _ be 
achieved by adjusting the pitch of the 
stagger to half the bogie wheel base. It 
therefore follows that the optimum short- 
stagger is half the normal passenger bogie 
wheel base, provided that this is less than 
the minimum bogie wheel base of any 
vehicle running on the railway. Pictorially 
the effect produced is as shown below : 


design of the composite sleeper at the rail 
joint. 

12. For the past three years, this short- 
stagger of 5’-0” has been adopted on all 
relayings on the G.I. P. Railway, and the 
reports on the running as well as the Track 
Recorder Charts, indicate that this disposi- 
tion of slightly staggered rail joints, gives 
better results, both from the point of view 
of smooth running and improved joint 
maintenance, as compared with track laid 
with square joints or any other pitch of 
stagger. 
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2. Rail joint support with slightly- 
staggered joints. 


The bifurcated tre-bar. 


13. The aim of the sleeper spacing is to 
ensure, as far as possible, a uniform mo- 
dulus of track support along the rail. ‘This 
is achieved to some extent by increasing 
the density of sleepering in the vicinity of 
the joint to counteract the inherent weak- 
ness due to discontinuity at the joint, 
which is not restored io the full rail 
strength by the use of fish-plates. 


14. It has been found in practice that 
with a suspended joint, the optimum joint 
support is secured by spacing the two joint 
sleepers as close as is consistent with effi- 
cient packing. The staggering of joints 
introduces the problem of designing a 
sleeper which provides an equivalent of 
two closely spaced sleepers under the rail 
joint, but only a single sleeper at the 
opposite end under the continuous rail. 
In the January 1947 issue of the Quarterly 
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Technical Bulletin, the author described 
how this problem was solved for cast-iron 
sleepers by the design of a bifurcated tie- 
bar connected to three plates in substitu- 
tion of the normal tie-bar connecting two 
plates. 


15. Trials with this type of composite 
joint sleeper over a period of three years 
have indicated that the design was entirely 
sound from the point of view of alignment 
and gauge-holding qualities, but the close 
spacing of the plates under the rail joint 
at 14” centres, created difficulty in packing 
these bowl-shaped CST 9 plates, as it per- 
mits beater packing only from the outside. 
This difficulty has been overcome by 
widening the fork of the bifurcation to 
permit the plates to be spaced at 18” cen- 
tres, which allows adequate space between 
the plate for beater packing from the inside 
as well. This design has proved entirely 
satisfactory and has been standardised for 
90 Ib. R.F.F. track. The arrangement is 
as shown below : 
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Fig. 4 


Modified Duplex sleeper. 


16. With a suspended joint the effect of 
the inherent weakness in the rail joint is 
to cause increased pressure in the form of 
a rocking action on the receiving joint 
sleeper with the passage of each wheel 
load, as the rail joint is eccentric to the 
joint sleeper and the load transmission, 
therefore, occurs through a cantilever arm. 
This is aggravated by the actual impact 


FISH PLATE 


at the end of the cantilever arm. The net 
effect of this is to cause a permanent 
depression in the ballast and loosening of 
the packing, which is the reason why joint 
sleepers require more attention. If the 
joint is supported centrally on one conti- 
nuous joint sleeper instead of two, the 
cantilever action and rocking effect are 
eliminated. The impact effect is also dis- 
tributed over the whole sleeper and, if a 
sufficiently wide area is provided, the 
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effect of discontinuity as well as impact 
in loosening the packing and causing 
depressions, is minimised. 


17. The precession waves of the rail 
formed by the motion of a vehicle on the 
track also cause the sleepers to be lifted 
and pounded on the ballast cushion. When 
this cushion is already depressed due to 
the rocking effect at joint sleepers and the 
packing has been loosened due to the 
joint impact, a tendency towards blowing 
is produced. If the rail is free to lift with- 
out lifting the sleeper with it, the preces- 
sion waves cause no disturbance to the 
joint sleeper, and the final result is ade- 
quate joint support and inhibition of the 
tendency towards blowing at joints. This 
is the principle of the « Duplex » sleeper 
a rail-free sleeper with a wide bearing 
area supporting the joint centrally. 
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18. An unwelcome feature, however, is 
that the supported joint gives rise to the 
problem of rail batter and high concentra- 
tion of stress’ at the, rail seat. This is 
sought to be overcome by providing a resi- 
lient pad to absorb the impact effect and 
a wide rail seating to reduce the concen- 
tration of stress. The latest modified design 
of the Duplex sleeper with a wooden pad 
and a wide rail seating conforms to the 
above stipulations and has, in_ practice, 
given promising results in the electrified 
area of the G.I. P. Railway, where there is 
dense traffic at normal speeds of 65 m.p.h. 

19. When the track is laid to a short- 
stagger, it is possible to secure a uniform 
modulus of track support by the use of a 
Duplex plate under the rail joint and an 
ordinary CST 9 plate at the opposite end 
with a suitable connecting tie-bar. The 
arrangement is shown below : 


CS eee ATiec 


This can be used as an alternative to the 
composite CST 9 sleeper with a bifurcated 
tie-bar. The arrangement is also applic- 
able to Bull-headed rails laid on pot or 
plate sleepers. It is hoped that the better 
support at joints will mitigate the short- 
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comings due to the slight variation of 
gauge incidental to this arrangement. 

20. In a trough sleeper road, it is pos- 
sible to cater for the short-stagger by using 
a half trough to which a tie-bar is rivetted 
and jogegled to be threaded through a 
Duplex plate, as shown below : 


DUPLEX SLEEPER 
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This device secures a uniform modulus 
of track support at the continuous rail at 
one end and the rail joint at the opposite 
end. It is an alternative to the 18” sleeper 
spacing at joints which has also given good 
results. 


CROSS PIECES TO BF OBTAINED 
FROM OLD SLEEPERS. 


| NOTCH INSLEEPER 
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21. In a wooden sleeper road, trials are 
being made of a composite wooden sleeper 
consisting of an ordinary main line wooden 
sleeper provided with two « fins » of old 
sleeper offcuts to give the requisite extra 
bearing area under the rail joint. The 
arrangement is as shown below : 


Bois 


100 LBS FANG BOLTS. 
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POPC fh es. 


Up to date results of the trials with this 
type of composite wooden « Duplex » 
sleeper are promising, provided creep is 
held. 

22. These designs of composite joint 
sleepers evolved for use with track laid to 
short-stagger on the G.I. P. Railway may 
be of interest to other railways who are 
using or experimenting with slightly-stag- 
gered joints. The keynote of all the 
designs is simplicity and cheapness, keeping 
in mind the essential purpose in view. ‘The 
entire fabrication can be carried out in a 
small workshop with its normal resources 
and with indigenous material. ‘The ideas 
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put forward are with the object of achiev- 
ing improved track standards which will 
also automatically ensure a higher standard 
of comfort for the travelling public, with- 
out recourse to the use of expensive 
patented devices or imported track fast- 
enings. 


23. A typical chart of standard sleeper 
spacings adopted on the G.I. P. Railway, 
with track laid to a short-stagger and with 
composite sleepers at joints, forms an 
accompaniment to this article, so as to be 
readily available for reference and use in 
trials by interested railways. 
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New features in the construction of bascule 
weighbridges for wagons and road vehicles. 


The construction, in Switzerland, of 
bascule weighbridges has been developed 
to a remarkable extent during latter years. 
To reduce the time taken in weighing, 
modern bascule weighbridges are built 
without any locating winch or stop blocks, 
and are therefore always free for weighing 
or running over. Whilst the platforms of 
older types were usually of steel, covered 


To facilitate access to the bridge, four 
removeable ramps are provided (fig. 3). 
These have a double purpose : passage over 
the rail breaks without shock, at the same 
time locking the platform to prevent, as 
far as possible, oscillation of the bridge 
during the passage of wheels. As the ramps 
can be removed, the bridge has no contact 
with the foundations during weighing. 


Fig. 1. — Bascule weighbridge for road vehicles, weighing 


capacity 20 t, 
torsionless lever train, 
adjustable knife edges. 


with oak planks, ribbed reinforced concrete 
is usually preferred nowadays. The con- 
crete bridge affords a good degree of pro- 
tection to the levers against water and is 
itself less subject than a wooden covered 
bridge to weather conditions. The former 
triangular levers have, in addition, been 
replaced by individual levers which are not 
Operated in torsion. 

Figure 1 is a general view of a bascule 
bridge for road vehicles, whilst figure 2 
shews a bridge for rail vehicles. 


with ribbed reinforced concrete bridge, 
patent 


interchangeable and 


The ribbed reinforced concrete bridge 
rests on ball bearings, which are protected 
from water (fig. 5). When a vehicle runs 
over the bridge, longitudinally or trans- 
versely, these bearings allow a_ limited 
oscillation of the bridge in any direction. 
To control and damp longitudinal and 
transverse oscillation, adjustable | shock- 
absorbers are fitted at each side of the 
bridge. 

The train of levers (fig. 4) of the new 
type of bascule bridge comprises seven 
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Fig. 2. — Bascule weighbridge for wagons, weighing 
capacity 40 t, load capacity 110 t, allowing passage of 
all locomotives. Bridge of ribbed reinforced concrete; 
torsionless lever train, patent interchangeable and 
adjustable knife edges. 


Fig. 8. — Removable ramps for bascule rail bridge. 


individual light levers, which are subject Adjustment and removal of these parts, 
only to tlexing and not to torsion. ‘The which are manufactured of high-quality 
levers are fitted with a patent, inter- alloy steel, is very simply carried out by 
changeable adjustable, knife-edge (fig. 5). removal of two keys. 
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The high-ratio multiplication of the 
levers allows the use of a smaller balance 
arm and cursor weight. To avoid vibration 
of the balance arm during the passage of 
vehicles, it is kept bolted in position by 
a new locking arrangement, comprising a 
patent sprung roller. 

The cursor-weight is fitted with a simple 
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bascule bridge can therefore be effected 
without interfering with the traffic. 

Before being put into use, the bascule 
bridges are subject to a careful check by 
the Weights and Measures Office. | More- 
over, the Railway Company carries out 
loading, free running and braking tests on 
the bridge. Bascule bridges delivered dur- 
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— Torsionless lever 
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train and ribbed reinforced 


concrete bridge for weighing wagons, weighing capacity 


70 t, load capacity 120 t. 


ticket-printer for impression of gross and 
tare weights. It is also provided with 
automatic protection of the notches. 

If the balance arm is located in the open 
air, it is protected by a steel plate cover 
with a door and lock. 


The rib construction provides much 
easier access for repair and inspection 
(fig. 6). The train of levers can be com- 


pletely dismantled and taken out of the 
pit without any necessity for lifting the 
concrete bridge more than 1 or 2 mm. Any 


necessary repair Or inspection of the 


ing recent years have provided valuable 
experience so that newly-constructed ones 
give satisfaction from all points of view. 
All main parts are manufactured to stand- 
ards and are therefore obtainable from 
stock. 

The accuracy and sensitiveness of these 
bascule bridges is noteworthy (fig. 7). The 
regulations of the Swiss Federal Bureau of 
Weights and Measures reads : 

Up to 1/10 of the maximum load, the 
minimum required sensitiveness is 1/1 000: 
increasing the load, the 1/1 000 will remain 
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Fig. 5. — Ball bearing support with angle lever and patent 
adjustable and interchangeable knife edges of a 70 t bascule 


bridge, load capacity 120 t. 


Fig. 6. — Bascule weighbridge for wagons, weighing 
capacity 70 t, maximum load 120 t; total platform length 
11.6 m allowing passage of all locomotives. Platform of 
ribbed reinforced concrete. 


‘valid until 1/2000 of the imposed load 
gives a figure higher than the allowance 
calculated on 1/10 of the load. 


Taking a bascule bridge of 70 t capacity, 


the tolerance limits for 
accuracy would be: 
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Verification des encoches de O- 70 ton. 
- Resultats en moins ¢ Resultats en plus 
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Fig. 7. — Tolerance ranges and comparative error curve of 70 t 


weighing capacity bascule weighbridge. 


Heplaration of French terms: 


Vérification des encoches de 0-70 ton = test of notches 0-70 tons. — Results ius en moins = under recorded. — 
Résultats en plus = over recorded. — Chargement en tonnes = load in tons. — Tolérances en ke 
= tolerances in kg. 

— - — Tolérances suivant le reglement des Poids et Mesures Suisse = tolerances allowed by Swiss Weights 

and Measures Office. 

——-— Tolérances des CFF = tolerances allowed by GFR, 
~~ Tolérances obtenues = tolerances obtained. 


According to the latest regulations of the above 6 000 kg; i.e. 10.5 kg for a 70000 kg 
Swiss Federal Railways, the tolerance range — load. 
for sensitivity and accuracy is fixed at 1 ke 
for 6000 kg load and 0.15 °/,, for all loads 


‘00 


The newly-constructed ‘bascule bridges 
referred to in this article provide much 
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better results, however, and the variations 
are generally between 0 and 3 kg. It may 
be concluded that the tolerance limits for 
sensitivity and accuracy are improved 10 
or 20 times over the Weights and Measures 
limits and by 3 to 5 times those of the 
Cag nee oS 

Checks of bascule bridges have shewn 
that variations did not exceed + 1 kg at 
all stages up to maximum load. Figure 7 
shews the tolerance range and comparative 
error curve of a 70 t bascule bridge, plat- 
form length 11.60 m (38 ft.) and maximum 
load 120 t. 

It may be noted that, with or without 
load, these bascule bridges record weight 
additions of 0.5 to 1 ke. 
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As regards stability of this type of con- 
struction, it may be stated that braking and 
running trials with a 118 t locomotive at 
a speed of around 40 km/h (24 m.p.h.) on 
a bascule bridge have caused no variation 
in the tare. 

The first load and running tests are nor- 
mally for slight variations which come 
regularly between 0 and 3 kg. These good 
qualities of bascule bridges are maintained 
even after a long period of service. 

Experience during latter years has led 
the C.F.F. and Swiss industry to prefer 
more and more these new constructions. 

The bascule bridges described are built 
by the « Fabrique de Machines Louis 
Giroud, S. A. », of Olten (Switzerland). 
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Burlington buys gallery suburban cars. 


(From Railway Age, October 21, 1950.) 


The Chicago, Burlington & Quincy is 
receiving a lot of 30 gallery-type suburban 
cars which are being built by the Budd 
Company, Philadelphia, Pa. ‘The cars are 
of two arrangements : 25 are without toilets 
and seat 148 passengers each of the other 
five cars is provided with a toilet room and 
the seating capacity is 145 passengers. 

The cars are built of stainless steel, 
assembled by the Budd Shotweld process. 
The construction follows the current stand- 
ard of the builder in which the side struc- 
ture serves as the shear members and the 
roof and floor as the chord members of a 
modified plate girder. Center sills, floor 
and roof are of stainless steel. “The end 
underframe units, including — draft-sill 
extensions, and the body bolster are of 
arc-welded alloy steel, completed with an 
alloy cast-steel end sill and coupler-car- 
rier support. ‘There are no skirts below 
the side sills, except where they form a 
smooth, curved connection between the 
vestibule step well and the side of the car. 


Vestibule and steps. 


The vestibule and steps are in the middle 
of the car body, from which passengers 
enter either half of the car. Passengers 
are seated on two levels, with double seats 
on the main floor and single seats in the 
galleries. Compact stairways on each side 
of the car adjoin both sides of the center 
vestibule, leading from the aisle entrance 
to the galleries over the main-floor seats. 
A passageway, protected by a railing, 
extends alongside the single seats in each 
gallery. 

The car floors in the seating space are 
of plywood. The lower floor is 1/2 in. 
water-resistant material, secured directly 
by blind rivets to the tops of the flanges 


of the stainless-steel subfloor structure. 


The gallery floors are | in. plywood, faced- 


on both sides with metal. The floors on 
both levels are covered with 3/16 in. rub- 
ber tiles. The vestibule floor and steps, 


‘he gallery stair steps and landings, and. 


the floor inside the car up to the partition 
at the first seats are made of stainless-steel 
anti-slip plates. 


(Photo 
Looking toward the end of the car. 


courtesy Hedvrich-Blessing Studio.) 


The gallery floor is supported at the side 
wall by brackets welded to the side posts 
and on the aisle side by truss members 
which serve also as the hand rail. Columns 
extend up from the truss panel points and 
are secured at the top to the roof structure 
to give lateral stiffness to the railings. The 


——. 
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The vestibule. 
pneumatically, 


Side doors are operated 
the end doors manually. 


gallery structure is thus supported entirely 
from the side of the car and from the rail- 
ing trusswork that is supported by the 
partitions at each end of the gallery. 

All insulation in the car bodies . is 
Ultralite, 3 in. thick throughout in roofs, 
sides, ends and floor. Asbestos paper is 
applied on the under side of the roof 
insulation. The insides of the side and 
end walls of the passenger compartments 
are covered with sound-deadened alumi- 
num. Aluminum is also used on the ceil- 
ing of the passenger occupancy sections of 
the car. 

There are two rows of six wide windows 
on each side of each half of the car, the 
upper row opening to the gallery and the 
lower to the main floor. Windows are of 
the double-glazed breather type with 1/4 in. 
laminated safety glass inside and 1/4 in. 
polished plate glass outside. Window 
shades are of the cable type with roller 
curtains, 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 307 


The step wells are of the fixed type and 
are closed at the outside of the car by bi- 
parting sliding doors which extend down 
to the tread of the bottom step. These 
are operated by National Pneumatic door 
engines from switches in a box attached 
to the vestibule wall above the stanchion 
just inside the passenger entrance opening. 
These switches are arranged so that the 
buttons control the opening and _ closing 
of a group of cars from a single station. 

Body end doors are also of the sliding 
type and are fitted with weather stripping. 
The inside aisle doors between the center 
vestibule and each passenger compartment 
on the lower floor are bi-parting sliding 
doors. ‘Uhese are manually operated and 
are provided with holders to retain the 
doors in the open position. The doors 
remain closed without a latch. 


Air-condition- 


Looking through the vestibule. 
ing evaporators and blowers are located above 
the vestibule ceiling. 
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There are 12 walkover type double seats 
along each side of the aisle in each halt 
of the car. In each gallery are 11 single 
seats similar to the double seats on the 
main floor, except that there is no arm 
rest on the aisle side. At the end of each 
eallery against the end wall of the car is 
a fixed double seat. Seat cushions are of 
hair and spring construction, with padded 
back cushions. Upholstery is of plastic 
material. 
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above the ceiling over the center entrance 
vestibule. 

Fresh air enters the car through four 
screened openings in the sides of the roof 
above the entrance doors. It passes through 
two Farr filters inside each opening before 


entering the plenum chamber. Each blower 


has a capacity of 2400 cu. ft. per min., 
of which 600 cu. ft. is fresh air, The air 
is discharged into the upper level from the 
central overhead duct. It passes through 


Burlington stainless-steel gallery-type suburban car. 


There are no parcel racks above the 
double seats on the main floor of the car. 
Under three of the gallery stairs in each 
car, however, is a space approximately 
18 in. by 30 in. for luggage shelves. The 
control and switch lockers are housed in 
the similar space under the fourth stair- 
way. In the gallery continuous closed-type 
parcel racks are placed along each side of 
the air distribution duct over the 
aisles. 


center 


Air conditioning and heating. 


Each car is equipped with two Waukesha 
propanedriven ice engines and two over- 
head ‘Trane evaporators. Each overhead 
unit has a capacity of 6 1/2 tons and is 
equipped with supplementary heating coil 
and blower. The heating coil is removable 
without disturbing the cooling coil. The 
evaporator and blower units are located 


branch ducts at each end of each compart- 
ment to longitudinal ducts underneath the 
gallery floor, from which it is discharged 
through slotted openings. Air is forced 
out of the car through two grills in the 
car sides at each end which discharge 
through two static-type véntilators. 

The cars are heated by fin-tube floor 
radiators along the sides on both levels, 
controlled by Vapor single-tube thermo- 
stats. ‘The cooling thermostats have three 
settings: 71-73 deg.; 74-76 deg., and 78- 


80. deg. 


Electrical equipment. 


These cars receive their electric power 
supply from generators mounted on a 
power car directly behind the locomotive. 
Distribution is through a loop system train 
line of three wires, suitable for transmis- 
sion of 61-V D.C, 
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The battery is an Exide type MVAHT-13 
of 213 amp.-h. nominal capacity at the 
eight-hour discharge rate. It is used only 
for ice-engine starting and layover heat 
control. All lighting is incandescent. The 
lighting of the passenger space in the car 
is by center ceiling lights and by reading 
lights over each seat. 


In the gallery. 


Four-wheel trucks. 


The cars are carried on four-wheel trucks 
with a wheel base of 8 ft. 6 in. Frames 
and bolsters are alloy-steel castings. ‘The 
single equalizers are forged. Bolsters have 
roll stabilizers and longitudinal anchor 
rods. All springs are helical and Houdaille 
shock absorbers are applied at the ends of 
the bolsters. Journals are 6 in. by 11 in., 
fitted with Timken roller bearings and 
wheels 33 in. in diameter of high-carbon 
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rolled steel. Treads are semi-cylindrical. 
Rubber pads are placed between the center 
plates, under the side bearings and at the 
ends of the bolsters. Rubberized fabric 
pads are placed between the ends of the 
equalizers and the tops of the journal 
boxes. 

The trucks have clasp brakes of the 


Parcel racks are under the ceiling between the galleries. 


Unit-cylinder type. A lever type hand 
brake mounted on a collision post at one 
end of the car operates through the clasp 
brakes on the one truck adjacent to the 
brake. 

The air brakes are of the modified 
HS.C. type with pneumatic control, fur- 
nished by Westinghouse. The braking 
ratio, based on the ready-to-run weight, is 
150 % at 100 Ib. cylinder pressure. Provi- 
sion is made for the later application of 
the straight-air pipe. 


. 
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In order to permit operation of the angle 
cock without going under the end of the 
car, there is a loop in the end of the brake 
pipe. In this loop is located the angle 
cock, thus bringing it close to the side of 
thekear: 
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There are four schemes of interior decor- 
ation. All employ tan and cream for walls 
and ceilings, and rust and green window 
shades. In two, the seat covering is plastic 
upholstery in green and the floor tiles 
green and ivory, or rust and ivory mar- 


Buttons for opening and closing the vestibule side doors. 


The cars are fitted with tightlock cou- 
plers and Waughmat draft gears. The ends 
of the cars have face plates of stainless steel 
and single-fold inner diaphragms. <A can- 
vas boot at the bottom of the diaphragm 
aids in closing the openings at each side 
of the foot plate. 


bleized. The others have plastic upholstery 
in rust and rust and ivory, or green and 
ivory floor tiles. 

The cars are 85 ft. in length, coupled, 
have a maximum height above the rail of 
15 ft. 8 in., and weigh 132 380 Ibs., each, 
ready to run. 


i 
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Formula for the critical buckling load of a 
helical spring. 


In an article in the July 1947 Bulletin (1), 
the author, Mr. KorrMan, gave the following 
formula for the critical buckling load of a 
helical spring : 


This formuia is only suitable for small 
values of the ratio r/L : the exact formula 
for the critical load is given by HarIncx(?) 


We will compare briefly the two formulae 
for the case of circular section rod. Using 
the nomenclature of Mr. KorrMan and 
introducing the relative compression 


Pe E 2 (m + 1) 


my 
i) 
j 
— 
N 
— 


(m being the constant of Potsson and yo 
the rigidity for the pressure per unit of 
length of the spring free) the exact relation 


between 7/L and € can be written : 


2m+1 L 2 (m+ 1) 
pA ay eae 3 
a D Gay \) ©) 


(*) Note sent by Dr. A. D. DE PATER, Nether- 
lands Railways, Utrecht. 


(1) J. L. KOFFMAN, « Light Railcars for Colonial 
Railways », International Railway Congress Bulletin, 
July 1947, p. 669, formula 17. 


(2) J. A. HARINGX, « On highly compressible 
helical springs and rubber rods, and their appli- 
cation for vibration-free mountings », Philips 
Research Reports 3 (1949), p. 411. 


6 


whereas formula (1) gives for this relation: 


m , ( "y 
i | eas m 


= g. (4 
__im Apseaiy 2(m+1)° 4) 
2m+ 1 5 a 

It will be noted that these formulae 

become the same for large values of r/L 

and low values of &. 


zt} 


25% 


Kotfman 


Q5| 


fc) 5 iO 5 
Fig. 1. — The relative compression as a function 


yell 
of the ratio —. 
5 
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For when m = 1Q we have calculated 


ity ; 
the curves in the plan (" | 


indicated by the equations (3) and (4) : 
see figure 1. For the values & > 1 (4) 
the curves are dotted. 


From this graph we can deduce that the 
Koffman formula gives a critical load Pc 


(1) J. A. HARINGX has shown that these same 
values have a practical importance, contrarily to 
what one would be inclined to believe. 
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L 
for all ratios of —, whereas the Haringx 
i 


formula shows that such a force does not 
exist for L/r < 5.24. This latter result has 
been confirmed experimentally. 

It is therefore desirable to use the Haringx 
formula in preference to that of Koffman 
especially as there is no difference as regards 
the amount of calculation to be done. In 
our opinion, the Koffman calculations 
according to the formula (17a) should 
only be applied with due reservations. 


A. D. DE PATER. 
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OBITUARY. 


Marcel CASTIAU, 


Honorary General Secretary of the Belgian Ministry of Communications. 
Managing Director of the National Office for the completion of the « Nord-Midi » Junction. 
Former Member of the Permanent Commission of the International Railway Congress Association. 


\ 


Om, the 16th ~septembeny)1950;.5 there 


passed away one of the most outstanding 


personalities of the Belgian Railways, 
and a devoted friend of our Association : 
Mr. Marcel Castiav, former Chief Engi- 
neer, Manager of the Special Works and 
Research Department of the Belgian Rail- 


ways, Honorary General Secretary of the 
Ministry of Communications, and Manag- 
ing Director of the National Office for 
the completion .of the « Nord-Midi » 
Junction, 

Mr. Marcel Castiasu was born at Renaix, 
on the 28th September 1877. He had a 
brilliant scholastic career at the Atheneum 
and then at the University of Ghent, 
where he gained a diploma in Civil Engi- 
neering. 

He entered the service of the railway 
on the Ist June 1901 after a competitive 
examination in which he was top of the 
list. He was at first employed by the 
Management of the Special Works and 
Research Department of which a_ well 
known engineer Mr. Van Bogaert was then 
the head; the latter appreciated from the 


start the rare qualities of his young 
assistant, whom he held in great estime. 
His main duties were in connection 


with important civil engineering schemes, 
bridges, metal bridges, the layout of sta- 
tions, buildings, etc. 

In 1902, he was charged with studying 
the construction of a railway in Asiatic 
Turkey, from Damas to Mecca; in 1906, 
he was laying out a new railway line in 
Colombia, and in 1908 we find him in 
Haiti, where the revolution surprised him. 

The University of Brussels engaged him 
from 1910 to 1914, and he was in charge 
of the course on the construction of 
bridges. 


In 1917, he was appointed Chief Engi- 
neer of the Special Works and Research 
Department of the Belgian Railways. 


From the Ist June 1919 to the 
10th December 1920, Marcel Castiau was 
employed by the Auxiliary Railway Com- 
pany of Brazil, where he acted as General 
Manager of a Brazilian Railway (about 
2300 km = 1430 miles of lines). 


From the 24th February 1921 to the 
29th March 1924, he was in the service 
of the Chinese State Railways, on the 
Lunghai to Pien-Lo lines. 


On the 25th June 1925, Marcel Castiau 
was appointed Head of the Cabinet of 
Minister Anseele. 


When the Belgian National Railways 
were set up, Mr. Castiau was appointed 
General Manager of the « Service des 
Chemins de fer Concédés », attached to 
the General Secretariat of the Railways, 
Marine, Posts, Telegraph, ‘Telephone and 
Aeronautical Department. 


Once again, he accepted a mission to 
Persia in the service of the Belgo-Persian 
Company from the 8th May 1928 to the 
Ist April 1929. 

In October 1929, he was promoted act- 
ing General Secretary to the Ministry of 
‘Transport, and given the title of General 
Secretary on the 24th June 1931. 

A royal decree of the 9th September 
1935 appointed him as Managing Director 
of the National Office for the completion 
of the Nord-Midi Junction. 


On the Ist April 1941, he was retired 
from his post as General Secretary by the 
decree dealing with age limits taken dur- 
ing the occupation of the country. 


Put on the retired list as from the 
Ist October 1942, he was authorised on the 
4th September 1944 to resume his duties 
as General Secretary for a 


period of 
6 months. 
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On the 4th March 1945, he was given 
an honourable discharge from these duties 
and went into retirement. 


As railway engineer, Mr. Marcel Castiau 
was responsible for the raising in level of 
the Brussels-Antwerp line, and that of the 
Brussels-Midi station and the lines running 
into it, as well as for the carrying out of 
the new line from Brussels-Midi to Ghent 
St. Pieter, and the diversion of the Brus- 
sels-Nord-Quartier Leopold Ceinture Rail- 
way. After the 1914-18 was, he was in 
charge of the work of reconstructing the 
railway bridges in the devastated regions. 


At the National Office of the Nord-Midi 
Junction, Mr. Castiau followed very closely 
the technical studies prepared by his co- 
worker Mr. Franchimont. He was respon- 
sible more especially for the administrative 
part of the work, the labours of the 
Administrative Council, relations with the 
Central Administration of the Department 
of Communications and the other public 
administrations, the City of Brussels, and 
the different communes interested in the 
Junction. He carried’ on with this work 
up to the very end. 


Mr. Marcel Castiau won a pre-eminent 
place as an economist and sociologist; he 
was the author of many studies the diver- 
sity and great interest of which bear wit- 
ness to his prodigious activity in every 
field. Amongst others, we may_ recall! 
amongst those dealing more particularly 
with the problem of transport, the follow- 
ing works: « The present and the future 
of ‘Transport in Belgium » (1936); « Trans- 
port in Belgium and its Co-ordination » 
(1935), which were much appreciated when 
they made their appearance. He contri- 


buted in addition to many techniéal and 
economic reviews, both in Belgium and 
abroad, and his well informed impressions 
are recorded in several works devoted to 
various foreign countries where he carried 
out technical duties. 
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Mr. Castiau was elected Member of the 
Permanent Commission of our Association 
in 1927. His participation in the works of 
the Association dates back to the Rome 
Congress in 1922, at which he presented 
a noteworthy report on Question IV 
« Reinforced concrete — the use of ordinary 
and reinforced concrete on the railway ». 
He represented the Belgian Government 
at the Madrid Congress in 1930 and Paris 
Congress in 1937, and also took part in 
the Enlarged Meetings of the Permanent 
Commission held in’ Brussels in 1935 
and 1939. 


He resigned from the Permanent Com- 
mission upon retirement in 1945, 
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His brilliant career was crowned by the 
orders conferred upon him: High Officer 
of the Order of Leopold and Commander 
of the Order of the Crown. He was also 
awarded many foreign orders, amongst 
them that of Officer of the Legion of 
Honour, Commander of the Order of the 
Polar Star (2nd class), Grand Officer of 
the Order of the Nile (Egypt) and Order 
of the Three Stars of Lettonia. 

We will keep the best memory of our 
deeply regretted colleague, and wish to 
convey our very sincerest sympathy to his 
family. 


The Executive Committee. 
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OBITUARY. 


Egil SUNDT, 


General Manager of the Norwegian State Railways. 


Member of the Permanent Commission of the International Railway Congress Association. 


We have learnt with regret of the death 


on the 6th September 1950 of our col- 
league Mr. Egil Suxpr, General Manager 
of the Norwegian State Railways, and 
Member of the Permanent Commission of 
our Association. 

Mr. Egil Suypr was born on the 23rd Sep- 
tember 1903. After a brilliant scholastic 
career, he matriculated in 1922. He then 
studied law and passed his examinations 
in 1927, 


He began his administrative career in 
1929 as secretary to the Ministry of 
Finance. His brilliant qualities led to his 
promotion to chief clerk of the same 
Ministry, in 1933. 


In 1939, he was appointed Director of 
the Norwegian Radio Service (Norsk 
Rikskringkasting). He left this post dur- 
ing the war and became Director of 
the Assurance Company « A/S Norske 
Alliance ». 

At the end of the was, Mr. Egil Sunpt 
once more took over the duties of Director 
of the Norwegian Radio Service. 

In 1946, he was appoimted General 
Manager of the Norwegian State Railways. 

Durmeg this difficult post war period, 
Mr. Egil Suxpt was- responsible for the 
immense task of restoring and re-equip- 
ping the Norwegian Railways. 

He was overtaken by death in the very 
prime of life} to the: greatmmesret?oteall 
his colleagues. 

Mr. Egil Suxpt was appointed Member 
of the Permanent Commission of our 
Association at the Enlarged Meeting held 
at Lisbon in June 1949, when it was 
decided to create a new mandate in favour 
of Norway. Mr. Sunpr was thus the first 
holder of this mandate, and he always 
manifested the greatest interest in the 
works of our Association. 

We wish to offer his family our most 
sincere sympathy. 


The Executive Committee. 
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Annual Report of the Burma Railway Board 1947-1948. — One brochure (8 ASS) ols 
64 pages with numerous tables and illustrations. — 1949, Rangoon, published by the Burma 


Railway Board. 


Four hundred thirty thousand square 
kilometres (166 000 square miles) in extent, 
Burma was until recently a British province 
of western Indo-China. In the south, it is 
bordered on the west by the Gulf of Bengal 
and on the east by Siam. Further north 
its frontiers consist of Bengal on the left, 
Yunnan (China) on the right, and above 
Southern ‘Tibet. 

The country consists of large valleys 
running north and south, separated by 
chains of mountains ending in vast deltas. 


Amongst the products of the country, 
rice holds the foremost place. ‘The forests 
are another source of wealth. Here teak 
is found and is the source of an important 
traffic. Oil is found in the soil, and there 
are also coalfieds. 

The backbone of the railway system from 
which all the other lines branch off starts 
at the Port of Rangoon and climbs towards 
the north for about 1000 km (623 miles), 
first of all through the valley of the River 
Sittang. The lines extended to 1777 miles 
in 1948 compared with 2058 miles in 1941. 

The period covered by this report is 
characterised by an important historic 
event. On the 4th January 1948, Burma 
became an independent sovereign Republic. 
Happily the new status came about without 
any violence, as the result of a treaty con- 
cluded with the Government of Great 
Britain. It has led to important modifica- 
tions in the management of the railway 
as also in its Administration. Since the 
Ist January 1948, all important posts have 
been given to Burmese employees. 

In spite of the favourable circumstances 
surrounding the birth of the new regime, 


the year 1948 was darkened by internal 
troubles, the countereffects of which fell 
heavily upon the railway. 


The destruction wrought by the insur- 
gents impeded the traffic and_ stultified 
the great effort already expended in repair- 
ing the damage done by the war. 

The report gives detailed statistics for 
the traffic and the receipts, the state of 
the stock, the lines and permanent way, 
and an analysis of the train and engine 
mileage. 


In the commentary given alongside these 
figures, the authors have stressed the pro- 
gress made in reconstruction, the recovery 
of traffic, and the improvements made in 
the organisation of passenger and goods 
transport. 

Amongst the work of reconstruction men- 
tion is made of many metal bridges, some 
of which are of very long span. The very 
great differences in the levels of the rivers 
added to the difficulties encountered by 
reason of the steel shortage, and lack of 
equipment and labour. 


The report also describes the steps taken 
and the results obtained in the repair shops 
and the reconstitution of the rolling and 
traction stock. To replace the telephone 
and telegraph communications, it was 
decided to build radio stations at three 
important stations, but only two of these 
were working in 1948. 

The different details given in this very 
interesting document show that the man- 
agement had a struggle to put the railway 
back on a sound footing in spite of many 
adverse factors. 
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Nevertheless, the goods traffic in ton- 
miles exceeded that of the previous year 
by 20 %. A less satisfactory feature was 
the increase in the proportion of the low 
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tariff traffic compared. with the high tariff 
traffic. This led to a decrease in the aver- 


age ton-mile receipts. 
iM. 


SEIDLER (Dr. Ernst), General Manager of the Austrian Federal Railways. — Fiinf Jahre 
Wiederaufbau Osterreichische Bundesbahnen, 1945-1950 (Five years of reconstruction on 
the Austrian Federal Railways, 1945-1950). — Special issue of the review Eisenbahn. — One 
brochure (8 1/4 x 11 3/4 in.) of 110 pages, copiously illustrated with map. — 1950, Vienna, 
Messrs Ployer & Co., Publishers, Ogidigasse, 5. 


The Austrian Railways have undergone 
several transformations during the last 
quarter of a century. Already after the 
first world war, the destruction of the 
monarchy caused staff difficulties and 
financial troubles; in 1923, they were com- 
mercialised, that is to say they became an 
autonomous undertaking. The Anschluss 
of 1938 led to their incorporation in the 
German Reichsbahn, and resulted in a 
rating system which had little relationship 
with the mountainous character of most of 
the lines. Finally, the second world war 
after having exposed them to many trials, 
left them in a very difficult situation. 

At the end of the war only a very 
reduced’ staff remained to cope with the 
material difficulties, with no organisation 
and no leadership. In an_ introductory 
note, the author explains how the services 
were reconstituted with the added complic- 
ation of foreign occupation. But he insists 
above all upon the devotion to duty and 
sense of organisation of the Austrian rail- 
waymen which was manifest during the 
first weeks after the liberation. 

In the following pages, the author depicts 
the state of the railway in the spring of 
1945, and notes the various stages of recon- 
struction. He does this by examining all 
the aspects under which a railway func- 
tions: management, organisation, — staff, 
rates, receipts and expenses, road competi- 
tion, international traffic, organisation of 
the trains and evolution of the traffic, 
fixed installations, rolling stock and elec- 
trification. 


The restoration of the installations and 
the reconstitution of the stock were how- 
ever not merely limited to restoring them 
to the pre-war level. From this point of 
view it is interesting to note the innova- 
tions made in the layout of the stations 
and their offices such as the rolling stock 
sheds. A considerable effort was made to 
improve the rolling stock as well. Road 
services were extended, both in the case 
of passenger and goods transport, and 
equipped with new vehicles. In this way 
the Austrian Railways came to the assist- 
ance of the population which had _ been 
severely tried. 

A report of this kind cannot avoid 
excursions into the past. In this case, 
these enable instructive comparisons to be 
made with the new period, especially as 
regards the staff, the rates, the financial 
results, and the effectiveness of the methods 
applied. The railway however is a long 
way from enjoying complete liberty to 
enable it to cope with full success in dif- 
ficult situations, especially as regards road 
competition, where the circumstances are 
very unfavourable as in other countries. 

As regards electric traction, the instal- 
lations suffered less than in the case of 
steam traction, and could be restored to 
service as soon as the permanent way was 
rebuilt. The advantages of electric trac- 
tion were seen to be so great in this period 
of economic instability that a further elec- 
trification programme covering 2000 km 
(1242 miles) of line was investigated. 
After this work has been completed, half 
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the Austrian system will be electrified. 
The lines selected carry 80 % of the total 
traffic of the system. 

The persevering efforts made in reviving 
the railway found their due reward in the 
regrowth of the traffic. The diagrams 
appended show that in 1949 it frequently 
reached and even exceeded the figures 
for 1937. 


Out of 6048 km (3758 miles) of line, 
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SANDERS (J. O.), C. M. G., M. Inst. T., A. M. 
Railway. — Malayan Railway Report for the 
of 72 pages, with illustrations and plates. — 


‘This report was published in the same 
form as that for the previous year (see 
Bulletin for January 1951). As before it 
includes statistics relating to the traffic, 
train services, receipts and an analysis of 
the goods carried. A study of the costs, 
the general financial results and the posi- 
tion as regards rolling stock and installa- 
tions completes the report of the evolution 
of the railway during 1948. 

Further progress has been made in re- 
establishing the railway. The length of 
lines in operation has increased from 810 
to 860 miles compared with 1608 miles in 
1939. A delivery of Diesel-electric shunting 
locomotives and new wagons has increased 
the operating possibilities. Reconstructions 
and improvements have taken place in the 
case of stations, harbours and rolling stock 
sheds. 

Unfortunately, the year 1948 was dark- 
ened by the acts of terrorists. Bridges, 
the permanent way, signals and telecom- 
munication lines were attacked. ‘Trains 
were fired upon. ‘This resulted in serious 
upsets to the traffic, especially in the case 
of the passenger services, and additional 
expenditure due to the defence measures 
which had to be taken. At night pilot 
trains had to be run in front of the regular 
trains. 
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2507 km (1600 miles) were out of action. 
At the present time all but 25 km (15 miles) 
are open to traffic again. The work accom- 
plished in five years is very considerable. 
In reading this history of the restoration 
of a railway, in the midst of events that 
were often dramatic, one can appreciate 
once more the pre-eminent part played by 
the railway in the life of a nation. 


BeeM 


Inst. C. E., General Manager of the Malayan 
year 1948. — One brochure (7 7/8 x 13 in.) 
1949, Kuala Lumpur, Cayton Press Limited, 


In spite of these unfavourable circum- 
stances, the receipts reached the highest 
level to date, exceeding those for 1947 by 
I2 %. The increase is due to the goods 
traffic, the amount of passenger traffic 
being much below that expected. However 
the costs rose still higher (23 %), mostly 
on account of the increase in wages and 
salaries which have increased by 27 %. 

All these figures relate to the railway 
as a whole as well as the other services 
operated by the Malayan Federation, such 
as the harbours, ferrys, and road transport 
services. 

The general tariffs did not undergo any 
modifications during 1948. 

The report brings out two particular 
facts to be included in the various diffi- 
culties encountered in operating in this 
tropical country. ‘The rainfall is so variable 
that statistics are kept of the damage caused 
by water to cuttings and embankments. 
There were 215 landslides and floods dur- 
ing the year. Owing to the climate, the 
staff suffered a great deal from malaria. 
The health service has had much success 
in this connection by increasing the work 
undertaken and using considerable quan- 
tities of anti-malarian oil and D. D. T. 
products (hexachlorocyclohexane) . 


Eee MM: 
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AUBRY (C.), Honorary General Inspector of Bridges and Highways, former Chief Engineer 
attached to the Permanent Way and Buildings Department of the Alsace-Lorraine Rail- 
ways. — Législation des Chemins de fer (cours abrégé) (Railway Legislation [short course] je 
Tenth edition revised and brought up to date. — One volume (6 1/4 x 9 1/25ine) won 
190 pages. — 1949, Paris (V°), Editions Eyrolles, 61, boulevard Saint-Germain. 


The subject matter of this book is very 
abundant and very varied. There would 
already be plenty of ground to cover if 
it were only a question of the relations 
between the railway and its clients, 1.€. 
the whole of the legislation and regulations 
which cover the drawing up of the rates 
and constitute the essence of the transport 
contract. It appears however that the 
author wished to make his work more 
extensive and complete by including the 
official legislation affecting the railway 
not only in so far as it is a public trans- 
port service but also as an industry. 

Moreover, if we consider that the various 
categories of lines are dealt with (main 
line railways, local railways, industrial 
lines), that the regime affecting the French 
railways has undergone profound modifica- 
tions on several occasions, even quite 
recently, that the commercial! operation of 
the railway has also been completely reor- 


ganised and that the co-ordination of 
transport has already inspired several 
decrees, we shall get some idea of the 
number of documents which had to be 


analysed. 

Doubtless, it is on account of the 
abundance of the matter that the author 
has adopted a condensed form, under the 
title of short course. The work does not 
lose anything thereby as regards clarity 
nor usefulness for reference. The most 
important regulations and the most striking 
facts are brought out by appropriate 
though brief commentaries. 

To support what we have just said and 
explain more clearly the different ques- 
tions dealt with, we will quote the subject 


matter of the different chapters of the 
book : 


I. — Preliminary (categories, regime, 
organisation) . 

II]. — Present regime of the main line 
railways (S.N.C.F.). 

IlI. — Notes on checking the accounts 
of the Companies. 

IV. — Regulations concerning the oper- 
ating and policing of the railways. 

V. — Regulations concerning accidents. 

VI. — Transport of dangerous or infected 


goods and livestock. 


VII. — Hygiene, cleanliness and dis- 
infecting of the different railway instal- 
lations. 


VIII. — The railway staff. 


IX. — Idea of commercial operation. 

X. — Organisation of the services con- 
trolling transport. 

Lic 

XI. — Local railways. Quay and harbour 
lines. Subsidised motor services. 

XII. — Co-ordination of transport. 

XIII. — Industrial lines. Brief review 


of colonial railways. 


This list gives the impression that it 
would be difficult to find any text con- 
cerning the railway, which has not been 
studied or quoted in the book. 

To be sure it was not possible to give 
even in part the actual text of the laws, 
decrees or regulations. But the precise 
indications given enable the reader to refer 
to them very easily. However the author 
wished to make this unneccessary to some 
extent by giving as an appendix the text 
of what he considers the most important 
laws. ‘These are: the law on the policing 
of the railways, the law and decree con- 
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cerning gates and barriers, the decree of 
1942 on policing and operating, and finally 
the regulations of the S. N. C. F. of the 
3lst December 1937. 

A complete repertory, a knowledgeable 
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guide, an authoritive commentary, are the 
attributes which come to the mind to 
describe this book which is published in 
a very handy form for study. 

aM. 


ANTIA (K. F.), Chief Controller attached to the Indian Ministry of Railways, Central 
Standards Office. — Railway track. Design, construction, maintenance and renewal of 
permanent way with notes on signalling and bridge maintenance. — One volume (5 1/2 
9 in.) of 416 pages, copiously illustrated. — 1949, Bombay, published by the New Book 


Company Ltd., 188-190, Hornby Road. 


The scope of this book as explained by 
the subtitle is covered almost entirely by 
the first two parts. One of these describes 
the various parts of the superstructure, and 
the other deals with the various questions 
affecting their use and their maintenance 
in service. A third part groups together 
various supplementary questions, in parti- 
cular the signalling and maintenance of 
bridges, whilst a fourth consists of a whole 
lot of information on various points. 

Published as a guide for the permanent 
way staff, the book devotes much space 
to both theory and practice. Without 
sacrificing rigorous reasoning, the mathe- 
matical apparatus contains all the essentials 
and is limited to the extent required 
by the object in view. The formulae 
established or quoted are generally fol- 
lowed by concrete examples right up to 
the final figures. 

These remarks apply in particular to 
the chapters dealing with the special 
track equipment, crossings, turn outs and 
switches, and their positioning in branch 
lines and groups of lines. 

They also apply to the developments 
concerning the stresses to which the track 
is submitted under the rolling loads of the 
trains. This chapter in which theory is 
supported by experience and the measure- 
ments carried out in America and India 
must be mentioned together with the 
others to show the modern and progressive 
outlook of the work. 


The question of curves with all their 
special features, over-gauge, check-rails, 
superelevation, transitions, speed  restric- 
tions, short rails, etc., is covered completely 
in that part of the book dealing with the 
laying and maintenance of the permanent 
way. In the case of rectifying curves and 
inserting transitions, the author gives 
details of a method based on measuring 
the versines by means of short cords, a 
method used successfully during recent 
years in India and elsewhere. 

The practical utility of this book, which 
is manifested throughout, is above all 
apparent in the chapters dealing with the 
work of laying the permanent way and 
the organisation of the maintenance. All 
the details of carrying out the work are 
noted methodically and minutely. 

In many cases, it was necessary to take 
into account the existence of various 
gauges, as both the permanent way and 
equipment has very different characteristics 
according to its gauge. Whenever neces- 
sary the author has never failed to give the 
precise details required by those who have 
to carry out the work. 

Amongst the subjects dealt with in the 
third part are the manufacture and testing 
of permanent way materials, including the 
rails, fishplates and bolts, the steel and 
casting of metal sleepers covered in the 
first part of the work. 

The 19 appendices 
in Part IV contain 


grouped together 
much information, 
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mostly numerical, of great practical value. 
Amongst these we may mention the dimen- 
sions, weight and mechanical properties of 
the standard rails, together with the fish- 
plates and bolts. A table gives the super- 
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elevation needed for various radii of 
curves and the speed restrictions involved. 
Another gives a choice of standard dimen- 
sions relating to the Indian lines. 


BS Me 


LARTILLEUX (H.), Former pupil of the Polytechnic School, Principal Inspector of the | 
French National Railways. — Universal Geography of Transports. Tome J : Geography of 
the French Ratiways. Volume 1: North Africa. — One volume (7 7/8 = 11 1/2 in.) of 
194 pages, copiously illustrated with coloured maps. — 1950, Paris (IX°®), Librairie Chaix, 


20, rue Bergére. 


Readers of the Bulletin will have seen 
in a review published in the January 1950 
issue that the first two volumes of this 
work described the railways of the mother 
country, including the lines of the S.N.C.F. 
and the various companies. Volume I will 
be completed by two others, this one 
describing the railways of North Africa, 
and a fourth which will deal with those 
of France OvVeYSEAS. 

There are three chapters in this book, 
entitled respectively : Algeria, Tunisia, and 
Morocco and the Sahara. We can get a 
birds eye view of the whole of the com- 
munications between France and _ her 
African Colonies, by rail, sea and air, by 
looking at the map at the beginning of 


the book. In Africa, the black lines denot- 
ing the railways give place as we get into 


the interior of the continent to important 
road services linking together the different 
territories of the French African posses- 
sions. One of these seems to have shown 
the route to be followed by the Trans- 
saharian (Mediterranean-Niger) dealt with 
at the end of Chapter ITI. 

The same general plan with the varia- 
tions indicated by the actual contexture 
of each system has served as the basis upon 
which each chapter was written. The 
history of the railway and the alterations 
made to the administrative regime, operat- 
ing methods, the track and the rolling 
stock, the layout and profile of the main 


lines and the pioneer lines, and finally the 
urban and suburban systems are the cores 
around which gravitate all the factors sub- 
mitted for analysis. 

Many maps in colour or black and white, 
proper geographical maps, contribute tow- 
ards giving the book the character claimed 
by its title. In them we can appreciate the 
coast lines, the economic centres of activity, 
the bas-relief of the country, the rivers, 
and all the twists and turns of the railway 
system. In the case of the latter detailed 
profiles form a real cross section of the 
country. The history of the railway is _ 
closely linked up with that of the develop- 
ment of all the fertile regions rich in the 
products of the soil and sub-soil, and that 
of the large cities, with their industrial or 
harbour installations. There are some very 


large cities: Algeria has 400000 inha- 
bitants, Casablanca 500000. Around the 


large centres, the evolution of the railway 
lines and the arrangement of the stations 
are shown on large scale maps, which in 
actual fact are plans of the towns and their 
surroundings. 

Turning over the pages of this book, 
one is struck by the abundance, richness 


and variety of the illustrations. ‘Together 
with the documents where drawings 
abound, there are many _ photogravures; 


both together give a true picture of the 
local colour and recreate for us the African 
scene. 
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From the technical point of view, this 
book is also extremely instructive. It is 
remarkable to see how the characteristics 
of the lines linked up with the climate 
affect the methods of traction and_ types 
of rolling stock used. A new field is opened 
to electric traction and important projects 
have seen the day, encouraged by fruitful 
realisations. 

The great diversity of the North African 
lines will be noted. There is the same 
diversity in the important artery known 
as the Imperial Line (Morocco-Algeria- 
Tunisia), which can be explained by the 
circumstances under which the different 
sections were built, the history and descrip- 
tion of which are extremely interesting; 
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here, as in many other places, considerable 
improvements are now being made. 


The Mediterranean-Niger line is a sub- 
ject well fitted to crown the book and 
chapter HI (Morocco and the Sahara). 
This line of world interest is called upon 
to establish economic relations between 
Continental France and North Africa on 
the one hand, and West Africa and in the 
future Central Africa on the other hand. 

The author gives its history by explain- 
ing the layout, the pecularities of construc- 
tion and how it will be operated, and 


finally bases his estimate of the probable 
traffic on a very solid basis. _ 


E. M. 


The reconstruction of S. E. K. Railways. — Published by the Management of New Works 
of the S. E. K. (Athens). — One brochure (8 1/4 x 11 in.) of 34 pages, copiously illustrated. 


(Publication in English and Greek.) 


In Greece, the most important railway 
by far is the State Railway. This includes 
the main line from Athens (The Pirea) to 
Platy (527 km = 328 miles), that from 
the Gulf of Salonica towards the west as 
far as Florina near the Jugoslavian fron- 
tier (205 km = 133 miles), a third which 
also starts from Salonica to Idomeni in 
the north (77 km = 48 miles), and finally 
the line from Salonica which runs through 
Macedonia to Alexandroupolis in the 
east (477 km = 296 miles). The State 
lines are standard gauge lines (1.435 m 
= 4’8 1/2"). 

After the expulsion of the Germans all 
traffic became impossible. “The destruction 
wrought by the enemy in retreat left no- 
thing but ruins in its wake. The value of 
the installations destroyed was estimated at 
5200 million drachmes before the war. 
This disaster was all the more cruel as the 
S. E. K. is the backbone of land communica- 
tions in Greece. 

The report presented here by the New 
Works Department gives details of the 


extent of the damage suffered and_ the 
measures taken to restore the lines to traf- 
fic as quickly as possible. 

Amongst the difficulties reported or 
guessed at must be mentioned the absence 
of any alternative method of transport in 
the mountain districts. It was also neces- 
sary to clear the minefields laid by the 
Italians and Germans, work which cost the 
lives of many railwaymen, and there was 
still the action of guerillas to be feared. 

Begun in the spring of 1945, this work 
was more or less completed by the end 
of 1949. The services were running again 
everywhere except on one section of the 
Salonica-Florina line where there are five 
tunnels and many viaducts. 

Although quite a time has elasped since 
the liberation of the country, it is impos- 
sible to consider it excessive in view of 
the immensity of the task to be accom- 
plished. 

The report explains the organisation of 
the work, the assistance given by American 
organisations, the main work carried out, 
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how the rolling stock was reconstituted, 
together with an estimate of the cost and 
the way the work was financed. 

In all 11 tunnels were destroyed, that is 
to say every tunnel, and 615 metal bridges. 
To replace the latter 15970 tons of steel 
were required. 

The report pays tribute to the consider- 
able aid given by the Allies and the interest 
taken by the Americans in the reconstruc- 
tion of the railway, as well as to the devo- 
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tion and spirit of sacrifice of the Greek 
railwaymen. 

A great many drawings are given in the 
appendices, with a short note on each one, 
showing damaged structures and the work 
of reconstruction. 

Much of the work was carried out under 
the direction and according to the design 
of the service specially set up under the 
name of Management of New Works. 


FE. M. 


HAMILTON ELLIS. — Nineteenth Century Railway Carriages. — One volume(7 » 10 1/4 in.) 
of 176 pages, copiously illustrated. — 1949, London, W.C. 2, Modern Transport Publishing 


Company, Norman House, 105/109, Strand. 


The authors, whose pens have been 
inspired by railway rolling stock, have 
devoted their attention of preference to the 
locomotive. Undoubtedly, its function as 
the mover, its mysterious shapes and _ its 
proportions evoking the idea of power 


explain the effect produced upon the 
imagination. 
But looked at at closer range, carriages 


also have their attraction and are a fecond 
subject upon which to meditate. It is in 
the atmosphere that he breathes therein 
that the passenger becomes aware of the 
quality of the services offered. The more 
or less generous proportions, the arrange- 
ment, the fittings, the decoration, all 
reflect the customs and mentality of the 
period. ‘To give the history of passenger 
carriages is also to narrate the progress 
of the railway and evoke the political and 
social evolution of the country. And was 
it not the rolling stock which in develop- 
ing dictated the growth of the 
by requiring of it 
and speed ? 


locomotive 
ever increasing power 

Many sources of information have been 
consulted by the author. Ancient railway 
centres provided him with a wealth of 
documents. He also consulted the archives 


of many of the great industrial firms. The 
paper « Engineering » supplied him with 
blocks unobtainable elsewhere. 

These notes enlighten us regarding the 
most characteristic arrangement of the 
most noteworthy carriages used on the 
English railways from the opening of the 
Liverpool and Manchester Railway until 
the last years of the nineteenth century. 

The author naturally begins with the — 
body and its arrangement, which is bound 
to be the main preoccupation at all times 
since this is the point of view of the pas- 
senger for whom the railway exists. 

The shape, size, arrangement of seats, 
interior covering, and accessories have been 
the subject of much research and under- 
gone many modifications. ‘The author has 
not overlooked however the technical 
aspect, such as the construction of the body, 
and construction and arrangement of the 
wheels, the suspension, the coupling, the 
brakes, and lighting. We see the arrival 
of bogies, inter-communication between 
carriages, corridor coaches, saloon-cars. 
sleeping cars. And so during the century, 
but especially during the second half, the 
carriage gradually evolved towards its 
present form. 
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The human aspect and the pleasant side 
of things are not overlooked by the author. 
Often a mere enouncement of facts or 
laconic description suffices to bring it out. 
But sometimes, an anecdote is used to 
illustrate an out of date regulation, a 
revolution in habits, an old custom, or 
an innovation in the method of lighting. 

He finds an unique occasion in the 
« Parliamentary carriages » contracted to 
the « Parlies ». These derive their name 
from an Act of Parliament (1844) ordering 
the running every day of a passenger train 
for third class passengers at the rate of a 
penny a mile. ‘The « Penny-miler » enjoyed 
a standard of comfort in these carriages 
which the reader will appreciate from the 
details given. He can compare them with 
the « fourths », which were attached in 
some cases to a few trains to attract back 
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to the railway the traffic lost to the parallel 
water services. 

In the end, however, the thirds had their 
revenge, thanks above all to the persever- 
ance of James Allport, who became General 
Manager and then director of the Midland. 
They soon occupied a place in this Com- 
pany of which the author gives an example, 
an example which was soon imitated. The 
final result was the dethronement of the 
seconds which is still a matter of fact. 

The illustrations to this book are as 
interesting as varied. Many of the draw- 
ings have never been published before. In 
addition to the plans and photographs 
of carriages, sometimes enlivened by the 
presence of passengers, there are engrav- 
ings of scenes which occurred at memorable 
events. 

Ko) M. 
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The International Railway 


The International Railway Union, which 
has its headquarters offices in Paris, at 10, 
rue de Prony, whose membership includes 
the great majority of European Railways, 
has decided to create an International Rail- 
way Information Office (B.D.C.). 

This decision is bound to be of the 
greatest interest to the railway world at a 
time when staff questions, financial and 
legal questions, and problems concerning 
economics, co-ordination and __ technical 
progress must be carefully followed and 
understood. 

The management of this new Office will 
be confided to an appointed Administra- 
tion for four years. 

The S.N.C.F. has accepted the man- 
agement of the Office for the first four 
year period. Its specialised staff, its offices, 
its collections of books and periodicals, its 
equipment and its photocopying and 
microfilming laboratory will be put at the 
disposal of the new organisation. 


Information Office (B.D.C.) 


‘The International Railway Information 
Office will work within the framework of 
the U.I.C. and with the collaboration of 
other Administrations whose representatives 
will form a small Committee. —The member 
Administrations, affiliated Administrations 
and Administrations sharing in the U.I.C. 
will also be members of the B.D.C.; in addi- 
tion other railway administrations, inter- 
national organisations, and public trans- 
port undertakings and firms whose work 
is bound up essentially with that of the 
railway will be allowed to belong. 


The new Office should be extremely 
valuable; it bears witness to the close tech- 
nical collaboration that exists between the 
European Railways. 


Full details (membership of the B. D.C.; 
subscriptions, etc.) can be obtained from 
the Manager, Bureau International de 
Documentation des Chemins de fer, 27, rue 
de Londres, Paris (IX°). 
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I. — BOOKS. 


In French. 


1950 

YLLINGER (O. E.). 
[ables pour poutres continues. Moments, efforts tran- 
ints et réactions aux appuis pour charge permanente 
iformément répartie et charge utile; lignes d’influence 
ur moments, efforts tranchants et réactions aux appuis. 
Paris, Dunod, éditeur, 92, rue Bonaparte. Un album 
ié toile (18 x 22 cm) de 24 pages de texte, avec 6 figures 
4 tableaux dans le texte et 88 planches dépliantes hors 
hewn (erixees) 200) frat.) 


1950 

1ZAUD (R.). 
Aide-Mémoire Dunod: Métallurgie, a lusage des 
sénieurs, maitres de forges, directeurs et chefs d’ateliers 
tallurgiques, de fonderies de métaux, de traitements 
srmiques, etc. (64° édition.) 

Paris, Dunod, éditeur. Un volume (10 x 15 cm) de 
) pages et 48 figures. (Prix : 350 fr. fr.) 


1950 385 (09. 3 (494) 
Les Chemins de fer suisses aprés un siécle (1850-1950). 
Tome II : Installations fixes des chemins de fer 4 voie 
rmale et a voie étroite. 

Ouvrage commémoratif du Département fédéral des 
istes et des Chemins de fer, en cinq volumes, publié 
r l’Office fédéral des Transports, sous la direction 

Maurice PASCHOUD et René THIESSING. 

Neuchatel, Editions Delachaux et Niestlé, S. A. Un 
lume (19 x 27 cm) de 592 pages, 228 figures, 168 
inches hors texte, 6 tableaux en couleurs, 9 annexes 
pliantes. (Prix : relié, 32 francs suisses.) 


1951 621 31 
L’Equipement électrique de la France. (Numéro spécial, 
wier 1951, de la revue TRAVAUX, Organe de la Tech- 
que francaise des Travaux publics et du ciment armé.) 
Paris (XVI°), Editions Science et Industrie, 6, avenue 
erre I1&T de Serbie. Un fascicule grand format (24 x 
.5 cm) de 198 pages, abondamment illustré et compre- 
nt de nombreuses études sur le sujet ci-dessus. Préface 
_M. J. M. LOUVEL, Ministre de |’Industrie et du 
ymmerce. (Prix : 1 200 fr. fr.) 


1950 669 
uurnées de la Métallurgie, Liége 9, 10 et 11 mai 1950. 
Liége, numéro spécial (aotit 1950) de la Revue Univer- 
Ile des Mines, 12, Quai Paul van Hoegaerden. Un 
scicule (21 x 30 cm) de 110 pages, illustré. (Prix : 
0 francs belges.) 


624 .2 


669 (02 


1950 

Office Fédéral des Transports (Suisse). 

Statistique suisse des Transporis, 1949, 

Berne, publié par l’Office Fédéral des Transports. 
Un volume (21 30cm) de 142 pages avec de nombreux 


313: 656 (494) 


tableaux et 11 tableaux-graphiques hors texte. (En 
frangais et allemand). (Prix : 12 francs suisses.) 
In German. 
1950 691 


FUNK (O.) & ZEH (F.). 
Zusatz- und Anstrichmittel fiir Mértel und Beton. 
Wiesbaden, Bauverlag G. m. b. H. 40 Seiten. (Preis : 
geh. D. M. 3.50.) 


1950 
RIETLI (H.). 

Lehrbuch fiir Betonbauer. 

Berlin, Verlag von Wilhelm Ernst & Sohn. 1 Band 
(15 cm xX 21 cm), 90 Seiten, 64 Abbildungen. (Preis : 
brosch. D. M. 4.80.) 
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In English. 


1950 
ALLEN (Cecil, J.). 

The Gresley Pacifics of the L. N. E. R. 

London : Jan Allan Ltd., 282, Vauxhall Bridge Road, 
Ss WG He 

One volume (7 1/2 
(Rricemacussondammets) 


1950 621 .132 .1 (42) 
British Railways Locomotive Reference Book. 
Compiled by D. F. BARTON. 

Birmingham, 11 : Christian & Sykes, Publishers to 
the British Locomotive Society, 32, Park Road, Sparkhill. 
One brochure (7 x 5 in.) of 95 pages. Paper covers. 
(Price =s3iss) 


1950 
GREGORY (J. R.). 

The L. N. W. R. Eight-coupled goods engines. 

Cheam (Surrey). The Railway Correspondence and 
Travel Society, Honorary Publications Officer, 18, 
Holland Avenue. 

One brochure (8 1/4 x 6 1/4 in.) of 23 pages plus 
9 pages plates. Illustrated. Paper covers. (Price : 2s. 6 d.) 


621 .132 .1 (42) 


. 5 in.) of 128 pages. Illustrated. 


621 .132 .1 (42) 


(1) The numbers placed oyer the title of each book are those of the decimal classification proposed by the Railway Congress 
njointly with the Office Bibliographique International, of Brussels, (See « Bibliographical Decimal Classification as applied to Railway 
ience », by L. WEISSENBRUCH, in the number for November 1897, of the Bulletin of the International Railway Congress, p. 1509.) 


Sas SF 


1950 621 .43 


OBERT (E. F.). : 

Internal Combustion Engines. 

Second edition. ; 

International Textbook Co, Scranton, Pa., Linen, 
(6 X 91/2 in.), 596 pages, illustrated, diagrams, charts, 
tables. (Price : $ 7.25.) 


1950 
ROLLASON (E. C.). 
Metallurgy for engineers. 
Second edition. 
London: Ed. Arnold and Company, 41, Maddox 
street, W. 1. (Price : 16 s. net.) 


669 


1950 
ROYAL-DAWSON (fF. G.). ) 
The Highway Engineer’s Pocket Book. 4 
London: E. d. F. N. Spon Limited, 22, Henriett 
street, W. C. 2. One volume (7 1/2 x 5 in.) of 113 pages 
(Price : 12 s. 6 d.) | 


656 .2 


1950 
TIMMERMAN (W. A.). | 
Railway expenditure and the volume of traffic. Part — 


London : The Locomotive Publishing Company, Ltd 
88, Horseferry-Road, S. W. 1. (Price : 20 s.) 


[ 016. 385. (05 ] 


II. — PERIODICALS. 


In French. 


Annales. des Ponts et Chaussées. (Paris.) 


1950 62 (01 
Annales des Ponts et Chaussées, mai-juin, p. 245. 

MANDEL. — Essai sur la mécanique physique des 
pseudosolides (terres, béton). (24000 mots & fig.) 


1950 
Annales des Ponts et Chaussées, mai-juin, p. 349. 

DURIEZ. — Sur la durabilité du béton exposé a Peau 
de mer et aux sols alcalins. (Expériences de Californie). 
(3 000 mots.) 


1950 656 (469) 
Annales des Ponts et Chaussées, septembre-octobre, 
1s SSE 


LARRAS (J.). — La coordination des transports au 
Portugal. (3 000 mots.) 


1950 TAL al 

Annales des Ponts et Chaussées, novembre-décembre, 
p. 669. 

HAHN (L.). — Calcul des semelles de fondation. 


(11 000 mots & fig.) 


Bulletin de la Société des Ingénieurs Civils 
de France. (Paris.) 
1950 69 
Bull. de la Soc. des Ing. civils de France (mémoires), 
janvier-février, p. 50. 

; PROT. — Vues nouvelles sur la sécurité des construc- 
tions et sur le contréle de la qualité des matériaux. (4 500 
mots & fig.) 

1950 ae 69 

Bull. de la Soc. des Ing. civils de France, (mémoires), 
Janvier-février, p. 58. 

LEVI (R.). — Considérations générales et applications 


on constructions en métal et en béton armé. (6 000 mots 
4) 


1950 625 .42 (44) 
Bull. de la Soc. des Ing. civils de France, n°S11 et 12 
p.” 190. 
_FAUCONNIER (MIDs == Its Métropolitain et 
économie des Transports parisiens. (2 000 mots.) 


——_. 


62 (O01 & 691 


Génie Civil. (Paris.) 
1950 621 .132 3 ¢ 
Génie Civil, n° 3284, 1°" septembre, p. 334. ! 
La nouvelle locomotive 232-U-1 de la Société Natic 
nale des Chemins de fer francais. (1 400 mots & fig.) 


1950 656 (4 

Génie Civil, n° 3285, 15 septembre, p. 355, n° 328 
iS octobre; pa 395: 

Le trafic routier et le trafic ferroviaire en Franc 
(Correspondance échangée entre le service commerci 
de la S.N. C. F.et l’ Ing. G. LEINEKUGEL LE COCQ 
(1 600 mots.) 


1950 
Génie Civil, n° 3287, 15 octobre. p. 388. 
LEINEKUGEL LE COCQ (G.). — Le pont métalliq: 
de 193 m de longueur sur’ la Loire, 4 Balbigny (Loire 
(2 000 mots & fig.) 


624 .32 (4 


L’Ossature métallique. (Bruxelles.) 


1950 
L’Ossature métallique, 


624 


octobre, p. 471; novemb 
ROLAND (E.). — Le calcul des portiques continus | 


forme quelconque. (10 000 mots, tableaux & fig.) | 


1950 624 .32 4 
L’Ossature métallique, novembre, p. 510. 
‘-BOZZARELLI (A.). — Reconstruction des ponts-ra 
sur le P6, prés de Piacenza (Italie). (800 mots, table: 
& fig.) 
1950 
L’Ossature métallique, novembre, p. 524. 
POURBAIX (M.). — Recherches sur la corrosi 
aux Etats-Unis. (4500 mots & fig.) 


1950 62 (01 & 6 
L’Ossature métallique, décembre, p. 567. 

HENRION  (Ed.). — L’évolution des méthoe 
@essai au choc des matériaux utilisés en constructi 
métallique. (7 000 mots & fig.) 


1950 691 (4 
L’Ossature métallique, décembre, p. 581. 

LOBRY de BRUYN (C. A.). — Etat actuel « 
recherches sur la corrosion et les méthodes de protecti 
en Hollande. (3 500 mots & fig.) 


_ 691 G 


d51 ; 621 .335 : 625 .62 (493) 
fssature métallique, janvier, p. 9. ; 

# ENGLET (J.). — Nouvelle motrice allégée inter- 
fuine de la S. N. C. V. (2000 mots & fig.) 

51 , 624 .32 (493) 
#ssature métallique, janvier, p. 23. 

JOUCIQUE (J.). — Les ponts métalliques du réseau 
JOviaire belge. (2000 mots & fig.) 

ps 625 .2 : 625 .62 (493) 
Vssature métallique, janvier, p. 27. 

jes voitures de tramways type « P. C. C. » (2 500 mots 
lg.) 


jevue de l’Ecole polytechnique. (Bruxelles.) 


1950 62 (01 & 669 .1 
rue de l’Ecole polytechnique, n° 2, p. 35. 
MEURANT (S.) & BONNAVENTURE (J.). — La 
ture de Vacier aprés fluage. (1 500 mots & fig.) 


950 691 
vue de l’Ecole polytechnique, n°’ 5-6, décembre, p. 157. 
IOURBAIX (M.). — Note sur la corrosion électro- 
nique. (10000 mots & fig.) 


jvue Générale des Chemins de fer. (Paris.) 


950 656 .254 (44) 
vue générale des Chemins de fer, mai, p. 189. 
sAILLARD (P.). — La commande centralisée de la 
tulation sur la section de ligne Blaisy-Bas-Dijon. 
000 mots & fig.) 


1950 656 .224 (44) 
vue générale des Chemins de fer, mai, p. 211. 
tAZERGES & COQUARD. — Le Central-Location 
la Céte d’Azur. (6 000 mots & fig.) 

1950-1951 385 (44) 
vue générale des Chemins de fer, mai, p. 222; janvier, 


ps 37: 
Yu en est Ie chemin de fer ? (9 000 mots & tableaux.) 


950 ; 625 .42 (44) 
e générale des Chemins de fer, juin, p. 239. 

EROU (G.). — Le réseau ferré de la R. A. T. P. 
yblémes généraux d’exploitation. (8 000 mots & fig.) 


950 621 .335 (44) 
vue générale des Chemins de fer, juin, p. 253. 
NOIMANT (J.). — Les locomotives 2-D-2 de la ligne 
tis-Lyon. (7 000 mots & fig.) 


950 656 .225 (44) 
vue générale des Chemins de fer, juin, p. 268. 
LAMARQUE. — Nouvelles méthodes d’acheminement 
itrafic de détail sur la Région du Nord. (11 000 mots 
ig.) 

1950 385 (061 (4) 
vue générale des Chemins de fer, juillet, p. 295. 
SHARGUERAUD-HARTMANN (P. H.). — La 
mmission Economique pour |l’Europe et son Comité 
Transports intérieurs. (5 000 mots.) 


ahO 2S 


1950 621. 33 (44) 
Revue générale des Chemins de fer, juillet, p. 301. 

THOMACHOT & ROSSIGNOL. — La locomotive 
électrique prototype type B-B-B-6002 S. N. C. F. (9 000 
mots & fig.) 


1950 656 .23 
Revue générale des Chemins de fer, juillet, p. 318. 
HUTTER. — La théorie économique et la gestion 


commerciale des chemins de fer. Le probléme tarifaire. 
(10 000 mots & fig.) 


1950 621 .33 (44) 
Revue générale des Chemins de fer, aout, p. 357. 

DAGORY (A.). — L’électrification des lignes de la 
banlieue Ouest de Paris. (5 000 mots & fig.) 


1950 656 .281 
Revue générale des Chemins de fer, aotit, p. 365. 
CHARTET. — La théorie statique du déraillement 


d’un essieu. (2 400 mots & fig.) 


1950 621 .431 .72 & 625 .616 
Revue générale des Chemins de fer, septembre, p. 395. 
ZENS & HONORRE. — Les locomotives Diesel pour 
Vexploitation des lignes secondaires. (6 000 mots & fig.) 


1950 625 .215 
Revue générale des Chemins de fer, septembre, p. 413. 

LEJEUNE. — Nouveaux types de bogies pour voi- 
tures. (4500 mots & fig.) 

1950 385 .11 (4) 
Revue générale des Chemins de fer, septembre, p. 422. 

BRONNER. — L’évolution économique des Chemins 
de fer étrangers. (4000 mots, tableaux & fig.) 


1950 656 
Reyue générale des Chemins de fer, octobre, p. 443. 

HUTTER (R.). — La théorie économique et la gestion 
commerciale des Chemins de fer. La coordination des 
transports. (15 000 mots.) 

1950 625 .232 (44) 
Reyue générale des Chemins de fer, octobre, p. 461. 

RIMBAUD. — Les « voitures-fauteuils ». (3 000 mots 
& fig.) 


1950 621 .431 .72 (44) 
Reyue générale des Chemins de fer, octobre, p. 467. 

TOURNEUR. — Les locomotives Diesel-électriques 
de manoeuvres de 500 ch « série 030 DA » de la S. N. 
C. F. 3 500 mots & fig.) 

1950 621 .335 (44) 
Revue générale des Chemins de fer, octobre, p. 475. 

LAFRANCHIS & PARIS (A.). — La conversion des 
ateliers de machines d’Oullins pour la réparation des 
locomotives électriques. (6000 mots & fig.) 

1950 621 .335 (73) 
Revue générale des Chemins de fer, octobre, p. 488. 

GARREAU. — Automotrices et locomotives électriques 
monophasées 4 « ignitron.» aux Etats-Unis. (1 300 mots.) 


SAO ka 


Revue de la Soudure. (Bruxelles.) 


1949 621 .392 


Revue de la Soudure, n° 1, p. 3. an 
LANGUEPIN (J. E.). — Quelques aspects de | évolu- 
tion du soudage électrique par résistance et par points. 


(8 000 mots & fig.) 


Revue des Transports et des Communications. 
(Lake Success.) 

1949 ne 656 

Revue des Transports et des Communications, n° 3, 
juillet-septembre, p. 14. ; 

La coordination des transports intérieurs. (8 000 mots.) 


1949 621 .33 (3) 
Revue des Transports et des Communications, n° 4, 
octobre-décembre, p. 3. 
Electrification des voies ferrées. (6 000 mots.) 


1950 656 .235 (73) 
Reyue des Transports et des Communications, n° 3, 
juillet-septembre, p. 1. 
Nouvelles bases de tarification 
Etats-Unis. (10000 mots & cartes.) 


marchandises aux 


Travaux. (Paris.) 
1949 621 .33 (44) & 625 .1 (44) 
Travaux, décembre, p. 693. 
SANDOZ (J.) & BRASSEUR (P.). — Le saut-de- 
mouton de Paris-Lyon. (3 000 mots & fig.) 


1950 691 
Travaux, janvier, p. |. 
BOUTET (D.). — Réflexions sur les bétons en général 


et sur les bétons de ciment en particulier. Etudes au mi- 
croscope électronique de la prise du ciment. (8 000 
mots & fig.) 


1950 691 
Travaux, janvier, p. 13. 

LEVI (R.). — La sécurité dans les constructions en 
béton armé. (10000 mots & fig.) 

1950 eres 691 


Travaux, avril, p. 257. 
DURIEZ. — Le béton a air occlus (a suivre). (3 000 
mots.) 


1950 721 4 
Travaux, avril, p. 268. 
PARIS (A.). — Voiites cylindriques autoportantes. 


Calcul graphique par épure isostatique. (3500 mots 
& fig.) 
1950 > 72 
Travaux, mai, p. 279. 
LEVI (R.). — Le ciemin de fer et les sites. (6 000 mots 
& fig.) 
1950 
Travaux, mai, p. 301. 
LAZARD (A.), — Nouveaux phénoménes de plastifi- 
cation concernant les I en acier doux et Je béton précon- 
traint découverts grace aux extensométres A résistance 
electrique, (13000 mots & fig.) 
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Sys eam 


In German. 


Elektrische Bahnen. (Mtinchen.) 


1950 
Elektrische Bahnen, Dezember, S. 273. 
ABLASSMAYER (H.). — Die Hochfrequenz i 
elektrischen Zugbetrieb. (1 000 W6rter & Abb.) 


1950 621 .135 .4 & 625. 2) 
Elektrische Bahnen, August, S. 182; November, S. 25: 
Dezember, S. 282. 


621 .: 


HEUMANN (H.). — Grundziige der Fiihrung d 
Schienenfahrzeuge. (20000 Worter & Abb.) 
1950 625 .2! 


Elektrische Bahnen, Dezember, S. 292. 
REUTTER (H.). — Elektrisches Bremsen mit Diess 
lokomotiven. (1 500 Worter & Abb.) 


Internationales Archiv fiir Verkehrswesen. 


(Mainz.) 
1950 656 (4 
Int. Archiv. fiir Verkehrswesen, n™ 15, 1. Augusthe 
Sessile 


HURLIMANN (W.). — Die Verkehrspolitik der So 
jetunion. (8 000 Worter.) 


1950 6 


Int. Archiv. fiir Verkehrswesen. n* 17, 1. Septembe 
heft, S. 384. ; | 
VOLKER (W.). — Die Giiterbeférderung der Bai 


im Wettbewerb mit dem Kraftwagen. (7000 W6ori 
& Abb.) | 


621 . 


1950 
Int. Archiv. f. Verkehrswesen, n't 20, 2. Oktoberh 
S. 449. 


KOTHER (H.). — Der Verkehr in seiner Einwirk 
auf die Wahl von Bahnstromsystemen. (S000 Wor 
& Abb.) 


1950 
Int. Archiv f. Verkehrswesen, n* 21, 1. Novemberh 
S. 475. 
PIRATH (C.). — Das gemeinwirtschaftliche Prin 
im Wandel der Verkehrswirtschaft. (8 000 W6Orter.) 


1950 656 .225 & 656 .2 
Int. Archiv. f. Verkehrswesen, n™ 21, 1. Novemberh 
S. 484. 
PFAHL (K.). — Grossbehialter auf der Schiene. (3 ¢ 
Worter & Abb.) 
1950 
Int. Archiv f. Verkehrswesen, n* 22, 2. Novemberh 
8. 499. 


HEBEL (M.). — Die modernen Errungenschaften 
Fernsprechwesens. (6000 W6rter & Abb.) 


1950 656 .21 
Int. Archiv f. Verkehrswesen, n*™ 23, 1. Dezember 
Sa23k 
RUPPEL (A.). — Wirtschaftliche und leistungsfa 
Verkehrsanlagen in industriellen Grossbetrieben.. (5 
Worter & Abb.) 


itschrift des Vereins Deutscher Eisenbahn 
Ingenieure. (Frankfurt-Main.) 


950 691 
tsch. d. Vereins Deutsch. Eisenb. Ingenieure, Juni, 
SH 

LOTHFUCHS. — Grundsiatzliches tiber Leichtbeton. 
100 Worter & Abb.) 


950 i 656 .222 .5 (43) 
tsch. d. Vereins Deutsch. Eisenb. Ingenieure, August, 
SOAR 

'TEFFENS (B.). — Rationalisierung der Reisezug- 
lerung. (5 000 Worter & Abb.) 

950 025 140" & 625 1424 
tsch. d. Vereins Deutsch. Eisenb. Ingenieure, Oktober, 
i. 44. 

TEINWEDE (A.). — Stahlbetonschwellen im Ver- 
ch zu Holzschwellen. (5 000 Worter.) 


In English. 


Bulletin, American Railway Engineering 
Association. (Chicago.) 

949 385 (061 .4 (73) 

Jetin, American Railway Engineering Association, 

No. 484, December. 

keport of Committees : Ties; Buildings; Maintenance 

way work equipment; Impact and bridge stresses 

ynomics of railway labour; Clearances; Wood preserv- 

n; Waterproofing. (152 pages: illustrated.) 


950 385 (061 .4 (73) 
letin, American Railway Engineering Association, 
No. 485, January. 

teports of Committees: Masonry; Records and 
ounts; Wood bridges and trestles; Iron and steel 
(177 pages, illustrated.) 

950 385 (061. 4 (73) 
letin, American Railway Engineering Association, 
No. 486, February. 

teports of Committees : Rail; Track; Roadway and 
last; Cooperative relations with Universities. (227 
es, illustrated.) 


Engineering. (London.) 
950 621 .132 .1 (54) 
zineering, September 1, p. 193. 
-8-2 class-Wg locomotives for Indian Government 
Iways. (2 400 words & fig.) 


950 621 .335 (68) 
xineering, September 22, p. 233. 
900 HP, 3000 Volt Direct-current locomotives for 
ath Africa. (4 800 words & fig.) 


950 621 .431 
ineering, November, 24, p. 403. ; 
27 HP wmixed-traffic Diesel electric locomotives. 
00 words & fig.) 


a 


1950 
Engineering, December 1, p. 436. 
Colour light signalling on the Southern Region. (1 500 
words & fig.) 
1950 
Engineering, December 8, p. 487. 
Replacement of railway bridge span over Grand Surrey 
Canal. (600 words & fig.) 


656 .254 (42) 


624 .52 (42) 


The Journal of the Institute of Transport. 
(London.) 
1950 385 (09 (42) 
The Journal of the Institute of Transport, January, p. 230. 
MISSENDEN (Sir Eustace). — Some thoughts on 
railway motive power. (5 600 words.) 


1950 656 .1 (41) & 656 .2 (41) 
The Journal of the Institute of Transport. May, p. 305. 

COURTNEY (J.) & HUTTON (J. W.). — Progress in 
the co-ordination of road and rail transport in Northern 
Ireland. (4000 words & fig.) 


1950 625 .4 (42) 
EVANS (E.). — Plans for the future of London’s rail- 
ways. (3 500 words.) 


Journal Institution of Engineers, Australia. 


(Sidney.) 
1950 621 .33 (94) 
Journal, Institution of Engineers, Australia, September, 
Dalsse 
McDONALD (C. G. H.). — Electrification of the 


Brisbane Suburban Railways system. (8000 words, 


tables & fig.) 


Journal, The Permanent Way Institution. 


(London.) 
1950 625 .17 (42) 
Journal, The Permanent Way Institution, August, p. 117. 
CHAPLIN (C. J.). — Pre-assembled track relaying 
in tunnels. (7 000 words & fig.) 


Modern Transport. (London.) 


1950 656 .284 (42) 
Modern Transport, May 6, p. 16. 


Penmanshiel train fire. (1 500 words.) 


1950 
Modern Transport, May 13, p. 14. 
Unusual Diesel-electric locomotive. (1 000 words & fig.) 


1950 621 .438 (42) 
Modern Transport, May 20, p. 3. 
Gas turbine locomotive. (2 300 words & fig.) 


1950 621 .132 .1 (42) 
Modern Transport, May 20, p. 14; July 29, p. 7; Au- 
equRye MP2, 1), De 
POULTNEY (E. C.). — Locomotives of 1921-1930. 
Part If. — Part III. (5 600 words & fig.) 


621 .335 (84) 


aD bees 


1950 625 .617 (492) 


Modern Transport, June 3, p. 5. 
A Dutch container system. (1 200 words & fig.) 


1950 621 .431 .72 (41) 
Modern Transport, June 3, ee 

Great Northern of Ireland Diesel railcars. (1 600 words 
& fig.) 

1950 
Modern Transport, June 10, 

Development in railway lee (2 500 words & fig.) 


1950 621 .335 (494) 
Modern Transport, August 12, p. 7. 
Lightweight electric locomotives. (600 words & fig.) 


1950 625 .23 (42) 

Modern Transport, July 29, p. 15; August 26, p. 15; 
September 30, p. 6. 

Modern railway carriages-IX, X. (2 400 words & fig.) 


1950 ws 656 (492) 
Modern Transport, September 16, p. 9; September 23, 


656 .254 (42) 


iy Ue 
den HOLLANDER (F. Q.). — How Holland handles 
freight. (4 000 words & fig.) 


1950 385 (09 (42) & 656 .2 (42) 
Modern Transport, September 23, p. 25; September 30, 
p. 12; October 7, p. 5; October 14, p. 6; October 21, 
p. 4; October 28, p. 5. 
BARRINGTON-WARD (V. M.). 
British Railway. (10 000 words.) 


— Unification of 


1950 385 (09 (42) & 656 .2 (42) 

Modern Transport, November 4, p. 15; November 11, 
p. 12; November 18, p. 5. 

TRAIN (J. C. L.). — Unification of British Railways. 
— 2. (5 000 words.) 

1950 621 
Modern Transport, November 18, p. 3 

Diesel-electric mixed traffic locomotive. 
& fig.) 

1950 621 .132 
Modern Transport, November 18, p. 15. 

POULTNEY (E. C.). — Landmarks of express loco- 
motives. (1 800 words & tables.) 


431 .72 (42) 


(1 500 words 


~~ 


A (42) 


The Oil Engine and Gas Turbine. (London.) 


1950 621 .431 .72 (42) 
The Oil Engine and Gas Turbine, April, Pp. 420 
Diesel-electric rail traction. (3 600 words & tables.) 


1950 oe 621 .431 
The Oil Engine and Gas Turbine, June, p. 46. 


An important railear programme. (1 200 words & fig.) 


1950 pee 626 .431 .72 (42) 
The Oil Engine and Gas Turbine, September-October- 
November, p. 182. 


Light railcar development. (800 words & fig.) 


1950 621 .431 .72 (94) 
The Oil Engine and Gas Turbine, December, p. 200. 


British units in Australian rolling stock. (600 words & fig.) 


12 (42) 


1950 656 .212 .6 | 
The Oil Engine and Gas Turbine, December, p. 22. 
The latest rail crane. (600 words & fig.) 


The Journal of the Institution 
of Electrical Engineers. (London.) 


1950 621 33m 
The Journal of the Institution of Electrical Engine 
October, p. 621. 


DUGAS (R.). — The development of electric trac 
on the French National Railways. 000 words, ta 
& fig.) 


Railway Age (New York.). 


1950 656 .212 .5 
Railway Age, May, 27 p. 32. 
Cars retarders facilitate Southern Pacific yard op 


tions at Los Angeles. (2 500 words & fig.) 


1950 621 .431 .72 
Railway Age, June 10, p. 55. 

Pennsylvania intalls 2500 HP transfer  switel 
(2000 words & fig.) 

1950 621 .431 .72 


Railway Age, June 10, p. 69. 
BALL (F. S.). — What roller bearings mean to Dir 
electric locomotives. (2 400 words & fig.) 


1950 
Railway Age, June 17, p. 45. | 

CAMPBELL (A. N.). — Canadian railways’ re 
rater cars. (3 400 words & fig.) 


1950 621 .335 
Railway Age, July 1, p. 36. 
GOWANS (F. D.). — Electric locomotives fo 


Chilean State Railways. (3 600 words & fig.) 


1950 621 .431 .72 (& 62! 
Railway Age, July 8, p. 29. 

HUTCHINS (R. A.). — Significant progress in 
cation. (3 000 words & fig.) 


Railway Gazette. (London.) 


1950 385 (( 
Railway Gazette, March 31, p. 363; April 7, p. 2 
Development of the Kenya & Uganda Railway .* } 
(3 000 words & fig.) 
1950 
Railway Gazette, April 7, p. 395. 
Rolling stock for the G. N 


1950 
Railway Gazette, April 7, p. 402. 
British Transport Commission statistics. (300 
& tables.) 
1950 
Railway Gazette, April 14, p. 419. 
New Elkhorn Tunnel, Norfolk & Western R 
(1 150 words & fig.) ; 


———s 


625 . 


950 656 .283 (42) 
lway Gazette, April 14, p. 430. 
inistry of Transport Accident Report. (1 600 words 


950 621 .335 (42) 
lway Gazette, April 21, p. 447. 
lectric locomotives of British Railways. (1 200 words.) 


950 621 .3 (68) 
@lway Gazette, April, 21, p. 448. 

ightning protection on the South African electrified 
ilways. (1 200 words & fig.) 

50 621 .33 
iilway Gazette, April 21, p. 449. 

Wfodern traction motors and gearing. (1 000 words 
g.) 


The Railway Magazine. (London.) 


50 656 .254 (42) 
® Railway Magazine, August, p. 518. 

{OOPER (B. K.). — British A. T. C. systems compared. 
400 words & fig.) 


| lway Mechanical Engineer. (New York.) 


49 621 .132 .7 (73) & 625 .28 (73) 
Hiway Mechanical Engineer, April, p. 181. 
VANDEE (A. H.). — Motive power for hump service 
W)0 words & fig.) 
p49 os 621 .431 .72 (73) 
¥iway Mechanical Engineer, April, p. 191. 
fic BRIAN (RAY). — Lubrication of Diesel locomoti- 
%) (1 800 words & fig.) 


149 625 .28 & 621 .431 .72 
hway Mechanical Engineer, April, p. 214. 


WIWELL (C. A.) & BASTON (C. E.). — Steam- 
ric locomotives. (1 800 words & fig.) 
49 621 .431 .72 (73) 


YVway Mechanical Engineer, May, p. 247. 

\J-M. D. Diesel road locomotives. (2 000 words, tables 
8.) Hae 

649 625 .431 .72 (73) 
Yway Mechanical Engineer, May, p. 251. 
HOLLOWAY (E. H.). — Diesel maintenance on the 
ral of Georgia. (800 words & fig.) 

49 Mil 33 C3) 
iway Mechanical Engineer, May, p. 274. 

44USE (J.). — Virginian electrics meet performance 
#rements. (3 500 words & fig.) 


49 625 .28 (73) 
Wway Mechanical Engineer, June, p. 374. 
ifie change in motive power. (2 500 words & tables.) 


49 62043072 (73) 
“Away Mechanical Engineer, June, p. 334. 
KIAPMAN (W. C.). — Electrical equipment for 
@yiesel service shop. (1 200 words.) 


ny ae 


1949 625 .144 .1 (73) 
Railway Mechanical Engineer, July, p. 667. 
Longest tunnel gets welded rail. (2 400 words & fig.) 


1949 
Railway Mechanical Engineer, July, p. 670. 


Fabric pads protect bridge support masonry. (1 000 
words & fig.) 


624 .1 (73) 


In Spanish. 


Ferrocarriles y Tranvias. (Madrid.) 


1950 624 (460) 
Ferrocarriles y Tranvias, Octubre, p. 383. 
MENDIZABAL (D.). — Nueva instruccién suiza 


para el calculo de tramos metalicos. (4000 palabras 
& fig.) 
1950 
Ferrocarriles y Tranvias, Octubre, p. 394. 
WEHRLE (M.). — Nuevos tipos de puentes giratorios 
para locomotoras. (2000 palabras & fig.) 


625 .154 


1950 621 .431 .72 (460) 
Ferrocarriles y Tranvias, Noviembre, p. 423. 

SIEGRIST SPINEDY (E.). — Nuevos trenes auto- 
motores rapidos para la R. E. N. F. E. (2 000 palabras 
& fig.) 

1950 
Ferrocarriles y Tranyias, Noviembre, p. 427. 

GIBERT Y SALINAS (A.). — Peligros de la proxi- 
midad entre las instalaciones de traccién eléctrica y las 
comunicaciones y sefales eléctricas. (6 000 palabras & fig.) 


621 .33 


1950 656 .25 (460) 
Ferrocarriles y Tranvias, Diciembre, p. 465. 

CASTILLO LATORRE (E.). — El enclavamiento 
eléctrico de Zarzalejo. (5 000 palabras & fig.) 

1950 385 (06 .112 
Ferrocarriles y Tranvias. Diciembre, p. 485. 

Asociacion Internacional del Congreso de los Caminhos 
de hierro. Cronica de la XV Sesién de Roma. (42 paginas & 
fig.) 


In Italian. 


L’Ingegnere. (Milano.) 
1950 656 .251 
L’Ingegnere, settembre, p. 989. 

ANGELINI (J.). — Nuovi materiali rifrangenti per il 
segnalamento stradale e ferroviario. (8 000 parole & fig.) 


1950 624 .63 


L’Ingegnere, novembre, p. 1215. 

RINALDI (G.). — Studio di progetto di massima di 
un ponte di grande luce con travata Gerber in cemento 
armato precompresso. (500 parole & fig.) 


By Wr 


Ingegneria ferroviaria. (Roma.) 


1950 656 .2 (45) 
Ingegneria ferroviaria, ottobre, p. 619. ; 
CORBELLINI (G.).. — Assestamento tecnico ed 


economico dei traffici nelle Ferrovie Italiane dello Stato. 
(6 000 parole, tavole & fig.) 


1950 621 .335 
Ingegneria ferroviaria, ottobre, p. 631. 

ZATTONI (T.) & DE PAOLIS (S.). — Misura del 
consumo di energia a bordo dei rotabili elettrici. (2 500 
parole & fig.) 


1950 621 .89 
Ingegneria ferroviaria, dicembre, p. 841. 

CUZZER (0.) & MECOCCI (G.). — Prove e ricerche 
di laboratorio sui grassi lubrificanti per cuscinetti a 
rotolamento. (6 000 parole, tavole & fig.) 


1951 385 (09 (45) 
Ingegneria ferroviaria, gennaio, p. 3. 

DI RAIMONDO (G.). — La ricostruzione delle F. S. 
alla fine del 1950. (18 000 parole, tavole & fig.) 


1951 621 .431 .72 (45) 
Ingegneria ferroviaria, gennaio, p. 31. 

SILVANO OREFICE (F.). — Le nuove automotrici 
ferroviarie Breda tipo Aln 880. (6000 parole & fig.) 

1951 625 .5 
Ingegneria ferroviaria, gennaio, p. 41. 

MACCHIAROLI (G.). — La scelta e V’impiego degli 
equipaggiamenti motori per funicolari. (9000 parole 
& fig.) 


In Netherlands. 


Spoor- en Tramwegen. (Utrecht.) 


1950 621 .335 (492) 
Spoor- en Tramwegen, n' 8, 20 April, p. 119. 
_KOSTER (Us, 32); De electrische inrichting der 
es locomotieven type Bo Bo der N. S. (4 000 woorden 
g.) 


1950 621 .335 (492) 
Spoor- en Tramwegen, n™ 18, 7 September, p. 286. 
KOSTER (J. P.). — Electrische locomotieven type 


Co Co voor de N. S. (1 500 woorden & fig.) 


1950 656 .212 .8 
Spoor- en Tramwegen, N* 19, 21 September, p. 301. 

VAN GALEN (L.). — Laad- en loskosten van goede- 
renwagens. (2000 woorden & fig.) 


1950 656 .212 .5 (73) 
eno. en Tramwegen, N* 19, 21 September, p. 304. 
wee moderne nieuwe Amerikaanse goederenlood 
(2000 woorden & fig.) ~ 


1950 656 .256 .3 ( 
Spoor- en Tramwegen, Nt 20, 5 October, p. 319% 

VERSTEGEN (J. H.). — ’s Hertogenbosch : de ee 
N-X_ spoorwegbeveiliging. (2 500 woorden & fig.) 

1950 621 .33 & 
Spoor- en Tramwegen, N* 20, 5 October, p. 326. 

y. d. HOEK (E.). — De electrificatie van het baan 
Leiden-Woerden. (1 200 woorden & fig.) 


1950 
Spoor- en Tramwegen, N* 21, 19 October, p. 337. 
BROESE VAN GROENOU (H.). — Onderzoekir 
op het gebied van creosootolie voor het conserveren 
hout. (4000 woorden & fig.) 


1950 
Spoor- en Tramwegen, N' 21, 19 October, p. 346. 
De spoorwegen in tijd van oorlog. (5 000 woot 
& fig.) 


In Swedish (= 439.71). 


Jairnvags-Teknik. (Stockholm.) 


1950 656 .257 = 43 
Jarnvags-Teknik, No. 5, p. 146. 


HARD (T.). — Safety installations with relays. 
words.) 


Nordisk Jarnbanetidskrift (Stockholm), 


1950 625.212 == 
Nordisk Jarnbanetidskrift, No. 4, p. 97. 

JANKE (A.). — Breaking of axles by fatigue. ( 
words & fig.) 


1950 656 :23: = 439) 
Nordisk Jarnbanetidskrift, No. 4, p. 107. 

JALLI (Y.). — Tariff questions relating to the ii 
operation of rolling stock depot. (Lecture given a 
meeting of Section A of the Nordiska Jarnvagsm 
sallskapet at Helsingfors. (1 600 words.) 

JEPPESEN (A.). — Danish report. (1 700 wor 

WILBJERG (A.). — Norwegian report. (1 700 w 

SJOBERG (A.). — Swedish report. (2 000 word 


1950 621 .431 .72 (485) = 
Nordisk Jarnbanetidskrift, No. 5, p. 131. 

HURVE (K.). — New railcars for the Swedish 
gauge railway systems. (600 words & fig.) 

1950 347 .763 .4 (481) = 
Nordisk Jarnbanetidskrift, No. 5, p. 135. 

AAS (L.). — Legal questions concerning compen: 
due by the railways. (4 200 words.) 

JENSEN (T.). — Danish report. (1 800 words 

KORTE (K.). — Finnish report. (1 700 words 
NORDMARK (S.). — Swedish report. (500 


M. Weissenbruch & Co., Ltd., Printer to the King, 


49, rue du Poinecon, Bruxelles. 


LA BRUGEOISE 


ET NICAISE & DELCUVE 


LIMA DE LMS Pak KC COMM ey IN ye 


Steel-works, Forges and Engineering Works 
Head-Office and General Direction at 
St-Michel near Bruges 


LIL IROMLIL TINGS 1 ONG I< 
AND FIXED EQUIPMENT FOR 
RAILWAYS AND TRAMWAYS 


BRIDGES, FRAMEWORKS, TANKS, GAS-HOLDERS AND ALL 
STREL CONS TRUICITIOINIS (NINEINEIR) JN NiBY \Nele/L) Bye B 


WHEEL SETS — STEEL CASTINGS — IRON FOUNDRY 
SPRINGS 


Sen 
SERAING (Belgium) 


DIESEL- ELECTRIC LOCOMOTIVE 


«COCKERILL BALDWIN LICENCE » 
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XI 


Alphabetical Index of Advertisers 


Firms : 


Anglo-Franco-Belge des Ateliers de La 
Croyére, Seneffe et Godarville (Soc.). 

Ateliers de Construction Oerlikon . 

Ateliers Métallurgiques (Les) . 

Baume & Marpent (S. A.) . 

Belgian National Railways . 

Bell Punch C°, Ltd. . 

British Timken Ltd. . 

Brown, Boveri & C°, Ltd. . 

Brugeoise et Nicaise & Delcuve. 

Cockerill (John) 

Colvilles, Ltd. 

Docker Brothers 

English Electric, Ltd. (The) 

E. V. R. (L’Eclairage des Veniculest sur 
Rail) 

Ferguson Ltd.. 

Ferranti, Ltd. . ; 

Firth (Thos) & Brown (Somn), Ltd. 

Forges de Courcelles-Centre (S. A.). 

General Steel Castings Corp. 

Gresham & Craven, Ltd.. 

Hasler (A. G.) Noes 

Imperial Chemical Industries Limited 

Isothermos (Société générale) . 

H. W. Kearns & C°, Ltd. . 

Matisa Equipment Limited . 

Philips Gloeilampenfabrieken . 

Pieux Franki . : : 

Ransomes & Rapier Limited: 

S. A. B. (Svenska Aktiebolaget Bons. 
regulator) fs 

Siderur (Société Conunercinle Mic ‘Sidé- 
rurgie) . 

S. K. F. (Société Belge eg Ronlements a 
Billes) . Ps 

Stone J. & C°, Ltd. 

Superheater Company (The) 

Thomas De La Rue & C®°, Ltd. 

United Steel Companies, Ltd. (The). 

Usines Emile Henricot . 


Vacuum Oil C°, Ltd. . 

Vulcan Foundry Ltd. 

Waggonfabrik Talbot 

Westinghouse Brake & Signal ©, Tia 
Whitelegg & Rogers Limited . 


VII 


Specialities : 


Locomotives and railway rolling stock. 

Electrical equipment for all traction requirements. 
Locomotives and railway rolling stock. 

Railway rolling stock and fixed equipment. 
Passenger and freight services. 

Ticket issuing machines. 
Tapered-roller-bearing-axle-boxes. 

Electric locomotives. 

Railway rolling stock and fixed equipment. 
Machinery and metal structures. Diesel-electric locomotives 
Fireboxes. 

Paints, lacquers and varnishes for every purpose. 
Railway electrification. 


Railway lighting equipment. 
Tractors. 

Electrical equipment. 

Railway forgings and tools. 
Draw gear, forged ironwork. 
Truck beds for locomotives. 
Locomotive injectors. 

Speed indicators and recorders. 
Boiler feedwater treatment. 
Axleboxes. 

Machine-tools. 

Permanent way equipment. 
Fluorescent lamps for railway coaches. 
Concrete railway sleepers. 
Railway plant. 


Automatic slack adjusters. 
Rails, sleepers. 


Axleboxes. 

Railway equipment. 

Superheaters for locomotives. 

Decoration for the interior of Railway carriages. 

Railway materials. 

Automatic couplers; steel castings for railway rollix 
stock. 

Lubricants for locomotives, ships, etc. 

Locomotives. 

Railway rolling stock. 

Railway signalling. Brakes. 

Fireboxes for locomotives. 
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